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CLEAN AIR ACT: OZONE AND PARTICULATE
MATTER STANDARDS

THURSDAY, APRIL 24, 1997

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
SUBCOMMITTEE ON CLEAN AIR, WETLANDS, PRIVATE
PROPERTY AND NUCLEAR SAFETY,
Washington, DC.

RISK ANALYSIS AND IMPLEMENTATION ISSUES

The subcommittee met, pursuant to recess, at 9:33 a.m. in room
406, Senate Dirksen Building, Hon. James M. Inhofe (chairman of
the subcommittee) presiding.

Present: Senators Inhofe, Hutchinson, Allard, Sessions,
Lieberman, and Chafee (ex officio).

Also present: Senator Baucus.

OPENING STATEMENT OF HON. JAMES M. INHOFE,
U.S. SENATOR FROM THE STATE OF OKLAHOMA

Senator INHOFE. The hearing will come to order.

Today’s subcommittee hearing is the third on the proposed rule
changes. It’s actually the fourth hearing that we’ve had; one was
a full committee hearing.

The first was the science hearing, in which we heard from mem-
bers of CASAC, and there are some members from CASAC here
today as well as much of the scientific community.

At the second hearing, Administrator Browner was the Adminis-
tration’s first witness. The committee then held a field hearing in
Oklahoma City. In fact, I think we set a record for the longest and
the best attended field hearing in the history of Oklahoma. Today,
we turn to risk and implementation issues. This will be followed
by a hearing this coming Tuesday, April 29, which will focus on the
impacts of the proposed regulations by EPA.

I'm troubled by the risk issues surrounding these regulations.
The risk analysis is necessarily based on the understanding of the
science issues, but we learned in our science hearing that there is
great uncertainty on the scientific side. When we add that to the
uncelrtainties in the risk assessments, we end up with very dubious
results.

We have learned that the EPA greatly overestimated the impacts
of both ozone and PM and they’ve had to publicly change their fig-
ures. In addition, we've learned that they selectively applied some
study results, while ignoring others in their calculations.

o)
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For example, the majority of the health benefits for ozone are
based on one study by Dr. Moolgavkar even though the Agency ig-
nored the results of that study because it contradicted their posi-
tion.

What I find most troubling is that first, the science is unclear
and incomplete, and then these uncertainties are added to the un-
certainties of risk calculations.

The EPA has claimed these results are concrete facts, even
though other Federal agencies and outside interest groups have
raised many questions about these proposals. Public policy deci-
sions must be open and aboveboard. Uncertainty in science, plus
uncertainty in risk factors does not equal certainty.

What I hope to gain from the testimony of the first panel today
is a better understanding of the risk issues. I am pleased that we
have some divergent viewpoints by members of the panel and hope
they can shed some light on the risk issue.

The second panel today will discuss the implementation issues.
This area has not received the attention it deserves in the public
debate. While implementation issues will become more important
as the EPA proceeds, they do need to be discussed before the pro-
posals are finalized. Because of that, we have invited several mem-
bers of the EPA’s Advisory Group for Implementation Issues to ap-
pear here today.

I'm concerned that the planned implementation for these propos-
als is not reflected in the projected impacts. The EPA is planning
to change the method of defining nonattainment areas. The propos-
als have created two new concepts—areas of violation and areas of
influence.

[Indicates chart.]

Senator INHOFE. If you look over here, we don’t have the entire
United States; this is a chart I understand that came from the EPA
and we talk about the very small circle in the middle as being
those areas that could be out of attainment but it’s very vague on
what is expected in the other areas.

This chart represents what the EPA is considering for implemen-
tation areas. If members have not seen this, I suggest you look
closely and particularly you, Senator Sessions, because you don’t
really know what additional problems are going to be there.

Most people have been under the wrong assumption that these
proposals would only affect the nonattainment areas defined by the
EPA. As you can see on the map, from only three nonattainment
areas, the majority of five States would be affected. While this is
only a strawman map and as it says on the top, “conceptual only,”
the concept concerns me. The boundaries themselves could end up
being larger or smaller. The fact that it’s being considered needs
to be addressed.

The people who live in these areas, as well as the mayors, Gov-
ernors, and even Senators, have had no idea that these regulations
would apply to them. The importance of this cannot be underesti-
mated. The people in these communities lost the opportunity to
comment during the comment period. I suspect that if a lot of peo-
ple had seen that map prior to the end of the comment period,
there would have been a lot more comments.
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I hope this issue as well as other implementation issues will
come out during our second panel. We have two good panels of wit-
nesses today and I look forward to your testimony.

[The prepared statement of Senator Inhofe follows:]

PREPARED STATEMENT OF HON. JAMES M. INHOFE, U.S. SENATOR FROM THE
STATE OF OKLAHOMA

The hearing will now come to order.

Today’s hearing is the third subcommittee hearing on the proposed new ozone and
particulate matter standards and the fourth for the Committee. The first hearing
focused on the scientific issues. At the second hearing, a full Committee hearing,
we received testimony from Administrator Browner. The third hearing was a field
hearing in Oklahoma City where we received testimony from State and local govern-
ment officials.

Today we turn to risk and implementation issues. This will be followed by a hear-
ing this Tuesday which will focus on the impacts of the proposals.

I am troubled by the risk issues surrounding these regulations. The risk analysis
is necessarily based on the understanding of the science issues. But we learned in
our science hearing that there is great uncertainty on the scientific side. When we
add that to the uncertainties in the risk assessments, we end up with very dubious
results.

Since our last hearings, we have learned that the EPA greatly overestimated the
impacts for both ozone and PM, and they have had to publicly change their figures.
In addition, we have learned that they selectively applied some study results while
ignoring others in their calculations. For example, the majority of the health bene-
fits for ozone are based on one PM study by a Dr. Moogarkar, even though the
Agency ignored the PM results of that study because it contradicted their position
on PM.

What I find most troubling is that first the science is unclear and incomplete and
that these uncertainties are then added to the uncertainties of risk calculations
which must result in great uncertainty. But the EPA has postured these results as
being the concrete facts, even though other Federal agencies have raised as many
questions about these proposals as outside interest groups. Public policy decisions
must be open and above board. Uncertainty in science plus uncertainty in risk does
not equal fact.

What I hope to accomplish in the first panel today is a better understanding of
the risk issues. I am pleased that we have some divergent viewpoints on the panel.
I hope they can shed some light on the risk questions.

Our second panel today will discuss the implementation issues. This is an area
that we have so far ignored and is not receiving the attention it deserves in the pub-
lic debate. While implementation issues will become more important as the EPA
precedes, they do need to be discussed before the proposals go final. Because of that,
we have invited several members of the EPA’s advisory group for implementation
issues to appear here today.

I am concerned that the planned implementation for these proposals is not re-
flected in the projected impacts. The EPA is planning to change how nonattainment
areas are defined. The proposals have created two new concepts, Areas of Violation
and Areas of Influence.

This chart, represents what the EPA is considering for implementation areas. If
members have not seen this, I suggest you look closely. In addition to requiring con-
trol measures in nonattainment areas, the EPA plans on requiring additional meas-
ures in these Areas of Influence. Most people have been under the wrong assump-
tion that these proposals would only effect the nonattainment areas identified by
the EPA. But as you can see on this map, from only three nonattainment areas, the
majority of five States would be affected. While this is only a straw man map, and
as it says on the top, conceptual only; the concept concerns me. The boundaries
themselves could end up being larger or smaller, the fact that it’s being considered
needs to be addressed.

The people who live in these areas, as well as the mayors, Governors, and even
Senators have had no idea that these regulations would apply to them. The impor-
tance of this cannot be underestimated. These people and communities lost the op-
portunity to comment during the public comment period because their counties were
not identified by the EPA as nonattainment areas. These proposals have been por-
trayed as only affecting certain areas when, in fact, they will impact the entire Na-
tion.
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I hope this issue, as well as other implementation issues will come out during our
second panel. We have two good panels of witnesses today and I look forward to
your testimony.

Senator INHOFE. I will now turn to Senator Hutchinson for any
opening comments he might want to make.

OPENING STATEMENT OF HON. TIM HUTCHINSON,
U.S. SENATOR FROM THE STATE OF ARKANSAS

Senator HUTCHINSON. Thank you, Mr. Chairman.

I want to commend you for your willingness to take on this very
difficult issue. Too often, I think regulatory agencies are able to im-
plement new standards and new regulations without any close
scrutiny or necessarily the kind of focus that should be placed upon
them. So thank you for leading this and for calling this issue today.

I'm very happy that we can continue our study of the EPA’s pro-
posed clean air standards. About 2 months ago, we held the first
hearing on the proposed standards. In this hearing, I learned very
important information regarding the scientific basis behind the
EPA’s proposal.

It was very clear that the CASAC scientists themselves did not
agree on the standards proposed and they certainly did not agree
that everything EPA has done is in accordance with the rec-
ommendations of CASAC.

I must admit that in some ways I am amazed that we’re still de-
bating some of the issues that we are today. Since the science hear-
ing, it has come out that several Government agencies have op-
posed these standards with, to my knowledge, no response from
EPA. T've heard from hundreds of constituents, not just industry of-
ﬁc(iials but the average citizen, strongly opposed to these new stand-
ards.

I've seen editorials and articles from papers all over the Nation
outlining weaknesses in the proposal and opposition to it. All of
this has gone on in the last 2 months, yet we've heard very little
from EPA. There’s been no good faith effort, in my opinion, on the
part of EPA to address these very legitimate concerns.

I find this situation disturbing, especially the lack of response to
the Government agencies opposing the standard. Instead, we have
heard Administrator Browner claim that they have the scientific
basis and justification for the standards. Unfortunately, this
science is considered in many cases either valid, weak, or con-
tradictory.

In Arkansas, the EPA has become one of the most despised agen-
cies. Perhaps in the month of April with IRS, it might exceed the
hostility level, but the EPA is viewed as being heavy-handed, often-
times arrogant and it seems this level of disrespect I think goes be-
yond the average Arkansan.

Recently, I found out that some of the comments made by Dr.
Schwartz in the first hearings were misleading at best. He testified
that the United States is behind the rest of the world in clean air
standards. Now we come to find out that is really not the case at
all and yet Dr. Schwartz testified and led us in that direction—I
think misled us in that direction.

It troubles me and I think it should concern every Senator on
this committee and every Senator in the U.S. Senate. Dr.
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Schwartz’s studies are the primary studies the EPA has used to set
the PM standard. Yet, these studies have not yet been made public.
We are relying, in effect, on unchecked research of someone who
has not been fully forthcoming to this committee. This concerns me
greatly. I think Dr. Schwartz should provide us an explanation or
an expansion on his comments to us.

In the first hearing, I submitted a question to Mr. McClellan re-
garding the possibility that under certain circumstances, even if all
manmade VOCs, volatile organic compounds, were eliminated,
would it be possible for some regions of the country to find them-
selves out of attainment and he responded that was the case.

Basically, under the current Clean Air Act, some areas could do
everything possible to eliminate manmade VOCs and still be out of
attainment. The EPA is determined that for these areas NAAQS
must be regulated.

What that would basically mean is that the Clean Air Act would
have to be reopened. I don’t think we desire to do that in order to
regulate this area.

Mr. Chairman, in short, there are many unanswered questions
on these standards and I'm really surprised that there has been no
attempt on the EPA’s part to really come to the table and discuss
the issues that have been raised and the concerns that have been
expressed by this committee.

I want to thank you for the opportunity to continue the hearings
and to continue to explore what I think will be a far-reaching im-
pact upon not only our local and State governments, but upon each
of our citizens.

Senator INHOFE. Thank you, Senator Hutchinson.

I also thank you for attending the field hearing out in Oklahoma.
Out there, we saw what the people in the field thought. I might
add at this point, this is not a partisan issue. The second panel we
had in our Oklahoma field hearing, all of them were Democrats
and they had very, very strong feelings, as you recall.

Following the “early bird” rule, we’ll turn now to Senator Ses-
sions.

OPENING STATEMENT OF HON. JEFF SESSIONS, U.S. SENATOR
FROM THE STATE OF ALABAMA

Senator SESSIONS. Thank you, Mr. Chairman.

I'd like to thank you for your work on this important issue. We’re
moving along very fast and I'm afraid we’re considering adopting
issues that could have great impact on our communities.

It was remarkable that I think we had the official representative
of the National League of Cities speaking strongly in opposition to
the proposed regulations.

Senator INHOFE. And the U.S. Conference of Mayors.

Senator SESSIONS. And the State Legislatures, from Representa-
tives, the chairman of the environmental committees, national
presidents of those organizations, as I recall, were absolutely and
firmly in opposition to it and had some very disturbing things to
say about the possibilities that these regulations would impact ad-
versely their growth and economic vitality.

Obviously, what we've learned is that nations that are strong
and healthy economically do a better job of cleaning up their envi-
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ronments. If you're doing well financially, you can afford to make
the investment easier than you can if you're not and the poorer na-
tions, we can see, just simply are not able to do so. So we need not
underestimate the damage that can be done if we impose regula-
tions that don’t improve health commensurate with the economic
burden that it may place on our people and our industries.

We should note in a very positive way how much the air has
been cleaned up in the past 25 years. Measured pollutants have
been reduced nearly one-third with sulfur dioxide, the main precur-
sor, to acid rain being reduced by 30 percent and particulate mat-
ter being reduced 78 percent.

The standards we have in place now are working and many,
many communities are continuing to clean up their air. Moving for-
ward with these changes will affect the lives of many people. We
need to make sure that we are, in fact, receiving health benefits.

We want to hear from these panels, but I will say this—it’s im-
portant to me that the Environmental Protection Agency, when it
states its position before this committee, that its numbers are veri-
fiable.

EPA is suggesting, for example, in their cost-benefit analysis that
they have done, that implementation of this standard will cost $6
to $8 billion. I met with the environmental person for TVA. It
would cost $2 billion alone for TVA to comply with these new
standards. One of the power companies in the southeast said it
would probably cost them $4 billion. Other estimates have been
$60 to $100 billion to meet these standards.

We need to get better numbers. We need to get better numbers
about health; we need to get better numbers about costs, and we
need to make sure that the policy we’re setting today as public offi-
cials is based on science and health and not on politics or other rea-
sons.

Senator INHOFE. Thank you, Senator Sessions.

Senator Allard.

OPENING STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR
FROM THE STATE OF COLORADO

Senator ALLARD. Thank you, Mr. Chairman.

I want to thank you for continuing to seek to get the scientific
truth on these issues as chairman of this committee. I commend
you in your efforts in that regard.

I do have a full statement for the record, and I will make a few
brief comments.

Senator INHOFE. Without objection.

Senator ALLARD. We've heard from the Environmental Protection
Agency earlier, specifically from Carol Browner, and I was one
member of the committee who challenged the scientific basis for
some of the claims she was making and challenged her to come up
with some better science. Instead of coming up with better science,
she just downgraded her figures.

This is not a political give-and-take situation as much as this
committee is searching for good, scientific evidence to help us in
making the right decisions, to ensure the health of the people of
this country. I'm looking forward to being able to review the record,
and I commend you for seeking that science.



7

The other comment I'd like to make is I think those regulations
being promoted by the Environmental Protection Agency set up
local governments, particularly States, to fail because I'm not con-
vinced they have the technical ability to actually meet the chal-
lenge that is called for in the rules and regulations.

Again, we're getting down to the best available technology and
the ability of the States to carry forward with that technology and
good science.

Those are just some of the brief comments I have. I'm going to
have to leave early because of this debate—I serve on the Intel-
Egence Committee. I apologize to the panel members for not being

ere.

I do have some questions that I'll ask the committee and my staff
to submit to those who are testifying.

Thank you, Mr. Chairman.

[The prepared statement of Senator Allard follows:]

PREPARED STATEMENT OF HON. WAYNE ALLARD, U.S. SENATOR FROM THE
STATE OF COLORADO

Thank you, Mr. Chairman. Today’s hearing is of great interest to me because we
will focus on the nuts and bolts of the proposed regulations; first whether they will
actually contribute to better health and second whether they can be implemented
effectively. Also, this will allow me the opportunity to follow up on questions con-
cerning the Grand Canyon Visibility Project Commission that I had for Adminis-
trator Browner in early February.

First, is the issue of the health benefits that have been projected if these regula-
tions should be implemented. I believe we have given the EPA every opportunity
to prove that the benefits they claim will actually occur. Instead of proving their
original claims they have downgraded them and witnesses today will testify that
even these revised numbers may not hold up under scrutiny. If the EPA is uncer-
tain, I think Congress has the obligation to approach their proposal with some skep-
ticism.

Second, the implementation of these regulations could very well place too much
of a burden on States and set them up for failure. My view is that EPA should not
run out in front of the States’ technical ability to implement Federal regulations.
Further, testimony that we will hear today indicates to me that the limited tech-
nical and financial resources of State governments was not considered before these
rules were proposed.

Finally, I am still concerned with regional haze issues. I have a series of questions
?\? iclhils matter and, should I have the time, I look forward to posing them to Ms.

ichols.

Thank you again, Mr. Chairman.

Senator INHOFE. Thank you, Senator Allard. I also have a state-
ment from Senator Boxer that will be placed in the record.
[The statement of Senator Boxer follows:]

PREPARED STATEMENT OF HON. BARBARA BOXER, U.S. SENATOR FROM THE
STATE OF CALIFORNIA

Mr. Chairman, I believe that as Senators, we have no greater duty and respon-
sibility than to protect the health and safety of the American people.

With this in mind, I would like to make two points today.

First, I want to say very clearly and strongly that EPA clean air standards must
continue to be based on science and health concerns.

The EPA proposal before us is based on the best available science regarding the
health effects of exposure to ozone and particulate matter. Some argue that we
should not set a new standard until we have scientific proof of the exact relationship
between exposures to ozone and particulate matter, and health effects. If we had
applied that principle in the late 1970’s, we would not be enjoying the benefit of
our current standards—which have led to, for example, air pollution from carbon
monoxide being reduced by 28 percent, from sulphur dioxide 41 percent, and from
lead 98 percent.
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We must continue medical research to improve our understanding. We clearly
need more monitoring data on particulate matter. But this should not make us lose
our focus on the need to continue making progress and further protect the public
health—especially our children.

Young children constitute the largest group at high risk from exposure to air pol-
lutants. They breath 50 percent more air by body weight than the average adult.
In California alone there are over six million children under the age of 14 and ap-
proximately ninety percent of them live in areas that fail to meet State and Federal
standards.

The second point I want to make, is the importance of taking costs into account
once the health-based standards are set. Costs should and will play a key role in
how the standard will be implemented and how long States will have to comply.

In California, the South Coast Air Quality Management District is responsible for
cleaning up the L.A. basin, which has the most polluted air in the country. The
South Coast Air District faces some of the most intractable and complex air pollu-
tion problems, in an area where nearly every possible source is already regulated.
Yet the District supports the EPA proposal. Why? Because they believe that more
stringent standards can be met as long as technology continues to develop, and the
State is given sufficient time to develop an implementation plan that is cost effec-
tive.

Mr. Chairman, I think we need to continue to listen to all sides in this debate
before we make a final judgment. I am confident that EPA will seriously consider
each onf of the thousands of public comments it has received before making a final
proposal.

Lastly, I want to welcome Pat Leyden, the Deputy Executive Officer of the South
Coast Air Quality Management District who will testify in the second panel. I think
she makes key points in her testimony about the effectiveness of market-based
strategies to reduce emissions—in particular the Regional Clean Air Incentives Mar-
ket (RECLAIM) program.

I look forward to continued work with Committee members on this important
issue.

Thank you.

Senator INHOFE. We will be moving this right along because 1
think most people are aware that we’re having an executive session
on the Chemical Weapons Convention today and we want to get up
there in time for that.

I'd ask our first panel of witnesses if you'd take your places at
the table. The way we have divided the panels today is to start
with experts in the field of risk analysis. The second panel will con-
sist of persons responsible for implementation of the proposed
standards should they be issued.

While you’re coming forward, I'd like to give you an overview of
how we will proceed during this public hearing.

We have 12 witnesses today, so what we’re going to try to do is
your entire statement, as you’ve been told, will be submitted for
the record, but we will be timing witnesses and we’re asking you
to stay within the time limit for your opening statement of 5 min-
utes. These lights will give you the designation as to when you
should stop.

Following 5 minutes of comments by each of the witnesses, I will
then ask any member of the subcommittee if they’d like to ask
questions. Then we will have a round of questions and answers.

I think we’re ready to begin, so let me introduce the members of
the first panel. We have Dr. Kenneth Chilton, Center for the Study
of American Business, Washington University. I put two kids
through that university.

Next is Dr. Alan Krupnick, Resources for the Future; Dr. Thomas
Star, principal, ENVIRON Incorporated; Ms. Susan Dudley, Econo-
mists Incorporated; Dr. Carl Shy, Department of Epidemiology,
School of Public Health, University of North Carolina at Chapel



9

Hill; and Dr. Morton Lippmann, Institute of Environmental Medi-
cine, New York University.
With that, we will start with Dr. Kenneth Chilton.

STATEMENT OF DR. KENNETH W. CHILTON, DIRECTOR, CEN-
TER FOR THE STUDY OF AMERICAN BUSINESS, WASHING-
TON UNIVERSITY, ST. LOUIS, MO

Dr. CHILTON. Thank you, Mr. Chairman.

I'm in your debt for being able to testify today but after hearing
that you have had two daughters attend Washington University I
understand that you may well be in our debt as well.

I'm the director at the Center for the Study of American Busi-
ness at Washington University in St. Louis. I've been researching
clean air issues for some 15-odd years. The comments I'm making
this morning, of course, are my own and not necessarily those of
the Center or of Washington University.

The scientific evidence on ozone, I believe, is extensive. Ozone
can cause coughing, wheezing, tightness in the chest, reduced lung
function, which is reduced volume of air exchanged with each
breath. These effects are related to both ozone concentrations and
exercise levels. Healthy people typically experience less than a 5-
percent loss in lung function, even when exercising vigorously at
levels that are twice the current standard.

Doctors don’t consider loss of lung function of 10 percent or less
a si%niﬁcant health effect. The person would not notice a loss this
small.

The primary concern, of course, is for the effects on asthmatics
and others who are especially sensitive. The EPA staff report esti-
mates that for each 1 million persons exposed, we can expect just
1 to 3 more respiratory hospital admissions a day for each 100 ppb
increase in ozone levels.

This is actually a very low incidence rate and a very high ele-
vation in ozone levels. This effect has been translated, as everyone
here knows, to the expected numbers of added annual asthmatic
hospital admissions for the New York area. EPA projects that at-
tainment of the new standard would lower admissions to 300 per
year. This is just 1/10th of 1 percent of the 28,000 yearly asthmatic
admissions in New York City—a very, very small number.

On fine particles, the science is not so well developed, as you
know. The EPA still projects, however, significant reductions in
premature mortality to result from meeting a new fine particle
standard. These projections are based not on thousands or even
hundreds of studies but, in essence, two.

These reports indicate an association between PMys levels and
death due to cardiovascular and pulmonary causes together and
also a link between PM,s and death from all causes. It’s curious
that the link is not between fine particles and death due to res-
piratory disease or lung cancer alone. Medical science has not yet
discovered a plausible mechanism to explain how fine particles
cause any deaths.

These studies also fail to control for other variables, temperature,
humidity, or the existence of other air pollutants—that may cause
the mortality rates to rise and fall with, and thus appear to be
caused by, fine particle concentrations.
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The lack of air quality data for PM> s is another serious problem.
EPA Administrator Browner, when she testified here, said that
there are 51 PM,s monitors collecting air quality data at present.
That contrasts with 972 ozone monitors and 1,737 PMio monitors.
EPA had to project PM.s concentrations for many cities in order
to derive its mortality estimates.

Let me get to the recommendations. EPA is not required to
tighten the ozone standard or to create a new PMs standard. For
ozone there is little evidence that a tighter standard is warranted
and would be more protective.

For fine particles, the science is just not adequate to warrant a
new standard. More could be accomplished for public health by
staying the course for another 5 years than by disrupting this proc-
ess with a new set of targets.

However, the most important issue being raised by these air
quality standards reviews is, by and large, being ignored, I believe.
As youre well aware, the Clean Air Act requires the Environ-
mental Protection Agency to establish and enforce air quality
standards that protect public health with an adequate margin of
safety. That’s the mandate.

In that process, it proscribes the consideration of economic fac-
tors. This is a very high-minded objective. It sounds good to say
that air quality standards are to be set only on the basis of public
health, but responsible public policy requires balancing incremental
benefits and incremental costs. Spending more on one activity than
it brings about in added benefits means that resources aren’t avail-
able for other beneficial uses.

Current ozone standards already require expenditures between
$4 and $28 to produce $1 in health benefit. The tighter standard
proposed only worsens this unfavorable tradeoff.

Moreover, the physical responses to ozone can be demonstrated
at levels produced by natural processes. As a result, the prime di-
rective of the Clean Air Act has become mission impossible for
ozone.

The Clean Air Act Scientific Advisory Committee put it this way.
“The paradigm of selecting a standard at the lowest observable ef-
fects level and then providing an adequate margin of safety is no
longer possible.” I suppose CASAC would call this “paradigm im-
possible” instead of “mission impossible.”

In my opinion, EPA should appeal to Congress to reform the
Clean Air Act. The Act’s fundamental objective needs to be changed
from this wishful thinking of protecting the public health with an
adequate margin of safety to protecting the public health against
unreasonable risk of important adverse health effects. Benefit costs
analyses should be required, not proscribed, when setting air qual-
ity standards.

The American people expect to be protected from air pollution
that might significantly impair their health. They do not expect,
however, that the cost of doing so will be all out of proportion to
the benefits.

Thank you.

Senator INHOFE. Thank you, Dr. Chilton.
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We’ve been joined by the Chairman of the full committee, Sen-
ator Chafee. Senator Chafee, do you have any comments to make
before we hear from our next witness?

OPENING STATEMENT OF HON. JOHN H. CHAFEE,
U.S. SENATOR FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. Mr. Chairman, I don’t want to interrupt. I do
have a statement which I will ask be put in the record.

I want to thank you for holding these hearings in your sub-
committee.

Unfortunately, I can only stay a short time, but I did want to
come by and see what’s up and obviously I will have the advantage
of reading the testimony that’s been submitted.

Thank you very much.

[The prepared statement of Senator Chafee follows:]

PREPARED STATEMENT OF HON. JOHN H. CHAFEE, U.S. SENATOR FROM THE
STATE OF RHODE ISLAND

Mr. Chairman, one of the most troubling aspects of this complicated EPA proposal
is the mismatch between the public health threat that is presumably posed by fine
particles and the schedule for actually reducing emissions of this pollutant.

On the one hand, Administrator Browner has told us that 15,000 Americans are
killed each year by elevated levels of particulate pollution and tens of thousands
more are hospitalized. Although many have urged that her decision now scheduled
for July be postponed so that we could expand the scientific foundation for a new
standard, EPA speaks of the problem in terms that communicate a public health
emergency.

On the other hand, we will learn at this hearing that the first regulations to actu-
ally reduce fine particulate pollution under the Clean Air Act will not be in place
until the year 2005 or later. Today, we have few monitoring stations that can meas-
ure fine particulate pollution. Once the monitors are put in place, we must collect
data for 3 years to determine which areas violate the new standard. States with
nonattainment areas are then given 3 more years to write plans to reduce emis-
sions. And it is only after EPA has approved these plans—a step that frequently
tSakes a year or more—that regulations to improve air quality are adopted by the

tates.

This is a very important hearing because it allows us to explore the apparent dis-
connect between the rhetoric used to describe the problem and the timeline for act-
ing on solutions. One lesson that we may take away from this hearing is that we
do have time to improve our understanding of the health threat posed by this type
of pollution before we commit vast sums to a new regulatory program. In my view,
it 1s very important that we make the best possible use of this window for better
science. Attaining this new standard for fine particulates everywhere in the Nation
would take a very substantial effort—perhaps $20 billion per year or more. EPA will
not be able to follow through on that kind of effort without a substantial public con-
sensus as to nature of the health threat. That consensus does not exist today. But
it can be built with more science and public education.

Senator INHOFE. Thank you very much, Senator Chafee.
Dr. Thomas Starr.

STATEMENT OF THOMAS STARR, PRINCIPAL,
ENVIRON INCORPORATED

Dr. STARR. Good morning.

The comments I offer today are drawn principally from two re-
cent consulting projects in which we conducted a critical examina-
tion of the scientific evidence for potentially causal associations be-
1f:ween particulate matter exposure and adverse human health ef-
ects.

In the first, undertaken on behalf of the American Petroleum In-
stitute, three world renowned epidemiologists—Drs. Raymond
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Greenberg from the Medical University of South Carolina; Jack
Mandel from the School of Public Health at the University of Min-
nesota; and Harris Pastides, School of Public Health at the Univer-
sity of Massachusetts—were brought together as an expert panel to
independently and objectively assess the quality of the epidemiolog-
ical evidence for associations between PM exposure and increased
human morbidity and mortality.

In the second project undertaken on behalf of Kennecott Corpora-
tion, an ENVIRON colleague, Dr. Larisa Rudenko and I also evalu-
ated the case for such associations.

In addition, we assessed the credibility of the health benefits
that EPA has projected that would accrue from implementation of
the proposed new standards for PM. My remarks today briefly
summarize our findings. I refer you to the full report that I submit-
ted to the committee for additional details.

First, let me address the issue of causality, that is, whether the
effects observed are truly caused by exposure to PM or specifically
PM_z 5 or some other component of air pollution or lifestyle.

In assessing whether the results from epidemiological studies
support a causal relationship, criteria developed initially by Sir
Austin Bradford Hill are often applied. These include the strength,
consistency, coherence, specificity, and temporality of the reported
associations.

Although not explicitly stated, the presumption exists that the
validity of the association has been established prior to consider-
ation of these other criteria. What this means is that estimates of
the association strength have been shown to be free of significant
biases and not significantly confounded by other variables.

Our expert panel of epidemiologists and our own independent re-
view both concluded that the studies of PM and human disease do
not satisfy these conditions. They have inadequately addressed po-
tential biases and they have failed to resolve satisfactorily the
issue of confounding.

Even if the issue of validity were to be set aside, the health cri-
teria would still not be met. The reported associations are ex-
tremely weak; they vacillate between positive and negative based
on the specific regression model that is used. As additional co-pol-
lutants are introduced, apparent positive associations with PM at-
tenuate in magnitude often to nonsignificance. Indeed, based on the
criteria and strength of association, it’s difficult to imagine a
weaker case for causality than that posed by the data for particu-
late matter.

Furthermore, the results of the studies are not actually as con-
sistent as they might at first appear. For example, different expo-
sure measures—mean daily level, maximum daily level, or some
lagged estimate of TSP, PMio, PM,s—have been linked with dif-
ferent end points such as respiratory disease, cardiovascular dis-
eases, or total death.

Also, temporal relationships between exposure and disease are
not the same across studies, but with lag times varying from zero
to several days earlier.

In addition, a critically important component of coherence, a dose
response, is at best weakly established only in a few studies. In vir-
tually all of the epidemiological studies of PM, exposure levels have
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not been based on personal dosimetry but rather on stationary
samples located in specific geographic areas.

Individual subjects were thus assigned communitywide measures
of exposure rather than individual measures. The lack of personal
exposure limits the ability to conclude that any individual death or
disease is linked to air pollution per se. In fact, there is a large
body of data indicating that community sampler measurements
rarely provide good estimates of individual exposures.

Even if a causal association were to exist, these ecological expo-
sure estimates that have been used would likely misrepresent the
associations of truth strength. Equally important, the underlying
dose response relationship may be significantly distorted with
sharp, thresholdlike curves being smoothed into nearly linear
shapes by exposure misclassification.

Another major challenge to the case for causality relates to the
fact that PM exposure invariably occurs in combination with expo-
sure to other air pollutants such as ozone, carbon monoxide and
sulfur dioxide. Because this mixture composition varies according
to the source, the season, time of day, weather conditions and geo-
graphic region, and because PM is, itself, a complex and highly
variable mixture, it has been virtually impossible to disentangle
the potential adverse effects of PM or a specific fraction like PMzs
and those attributable to other confounding copollutants.

The question of whether the course or fine particulate fractions
are causally related to human health effects is one of great impor-
tance. If there is a causal relationship, then identification and es-
tablishment of a safe and acceptable level of PM will be a decision
with enormous consequences.

However, the severe limitations of existing studies prevent a con-
clusive judgment about causality. EPA’s proposal for new PM
standards is premature.

The stated purpose for EPA’s proposed standards is to provide in-
creased protection against a wide range of PM-related effects. How
confident can we be that the proposed new standards will lead to
increased human health protection? The quantitative assessment
conducted for EPA Abt Associates attempted to quantify the uncer-
tainty inherent in the estimated health benefits from the new
standards.

This assessment is very thorough in its identification of the
many weaknesses in the underlying data, remarkably frank about
its necessary reliance on unproven assumptions, and surprisingly
even-handed in its demonstration of the sensitivity and uncertainty
anagyses that the projected benefits might well be greatly exagger-
ated.

Significant limitations of the benefit projections include the fol-
lowing. The projections have had to assume causation. Future re-
ductions in specific PM levels need not necessarily result in any
material health benefits.

Senator INHOFE. Dr. Starr, you have to wind up here. You're
going over your time. I think you may have an opportunity in the
question time to cover that.

Dr. STARR. Faced with such great uncertainty in the estimated
magnitude of potential health benefits, it seems far more reason-
able to me for EPA to initiate additional data collection and analy-
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sis activities on the health effects potentially associated with PM
exposure.

Implementation of the new standards could well make things
worse rather than better.

Senator INHOFE. Thank you, Dr. Starr.

For those of you who are standing, there are many seats avail-
able, so feel free to sit down.

Susan Dudley.

STATEMENT OF SUSAN E. DUDLEY, VICE PRESIDENT AND DI-
RECTOR OF ENVIRONMENTAL ANALYSIS, ECONOMISTS IN-
CORPORATED

Ms. DUDLEY. Good morning, I'm Susan Dudley.

I'm vice president and director of Environmental Analysis at
Economists Incorporated. I have 20 years experience evaluating
and developing environmental policy. In my career I've worked at
both the Environmental Protection Agency and the Office of Infor-
mation and Regulatory Affairs at OMB.

Today, what I'd like to do is highlight a few key points from an
analysis I conducted on EPA’s ozone rule for the Regulatory Analy-
sis Program at the Center for Study of Public Choice at George
Mason University.

This is a research and education program dedicated to advancing
knowledge of regulations and their impact. It produces careful and
independent analyses of agency rulemaking proposals from the per-
spective of the public interest. I would like, if I could, to put a copy
of our comments in the record of these proceedings.

Senator INHOFE. Yes, without objection.

Ms. DUDLEY. These comments, as well as the program’s com-
ments on the particulate matter rule, are also available on Econo-
mists Incorporated’s web site.

Today, I'd like to highlight three major points regarding the risk
assessment underlying EPA’s proposed ozone standard.

First, there is little scientific basis for the selection of the level
of the standard. EPA recognizes that the selection of .08 ppm was
a policy decision rather than a scientific decision. EPA’s Science
Panel did not find this level to be significantly more protective of
public health than the current level of the standard. Moreover,
most members of the panel who expressed an opinion preferred a
level less stringent than that which EPA has proposed.

Second, EPA’s risk analysis suggests that the health and welfare
benefits of this proposal will be small. The general population
would not notice the difference in air quality as a result of the pro-
posed standard and that’s because, as Ken Chilton has said, the ef-
fects of ozone appear to be reversible and largely without symp-
toms for the majority of the population.

Even for the population with the greatest risk, those with pre-
existing respiratory conditions, EPA expects the impact of the pro-
posed change to be small. For example, with full implementation
of the rule, which EPA does not expect for at least a decade, prob-
ably many, many decades, EPA predicts a .6-percent decrease in
hospital admissions for asthmatics. Furthermore, evidence from
animal studies suggests that long-term exposure to ozone does not
affect lung function.
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Our third point is that the proposal may actually harm public
health and welfare. The rule is based on risks to asthmatics, yet
ozone is certainly not a determining factor in asthma. Asthma has
been increasing over the last decade, especially among poor urban
chi(lldren, yet ozone has been declining steadily over the same pe-
riod.

NIH recently conducted a study that found the leading cause of
asthma by far was proteins from cockroach droppings and car-
casses, not air quality. Thus, this rule is raising false hopes and
would divert scarce resources from more effective solutions to the
very real problem of asthma.

What’s more, the proposed standard would increase health and
welfare risks from ultraviolet radiation, yet this was not considered
in developing the proposal. Ground level ozone has the same bene-
ficial screening effects on ultraviolet radiation as stratospheric
ozone.

Based on EPA analysis used to support earlier rulemakings on
stratospheric ozone, it appears that the proposed standard could in-
crease the incidence of cataracts, skin cancers and melanoma fa-
talities. These negative effects appear to outweigh the positive
health effects that EPA has attributed to the rule.

Using EPA’s data assumptions and model results, I quantified
and valued the health effects from the increased penetration of ul-
traviolet radiation attributable to this rule. My analysis suggests
that attainment of the proposed standard would actually increase
health risks by over $280 million a year. That is net of the benefits
that EPA attributes to the rule.

When the costs of the proposal are considered, the negative im-
pact on public health is even larger. A growing literature linking
income and mortality suggests that the cost of this proposal would,
by lowering incomes alone, induce more fatalities. That’s something
that I think Senator Sessions addressed in his opening remarks.

In fact, if as recent studies suggest, poverty is a more important
risk factor than air quality for asthma, the rule may well increase
the very disease it is targeted at improving.

Thank you. I'd be happy to answer questions.

Senator INHOFE. Thank you, Ms. Dudley.

Dr. Carl Shy.

STATEMENT OF DR. CARL M. SHY, DEPARTMENT OF EPIDEMI-
OLOGY, SCHOOL OF PUBLIC HEALTH, UNIVERSITY OF
NORTH CAROLINA AT CHAPEL HILL

Dr. SHY. Thank you, Senator Inhofe.

I was very pleased to see that I was placed on the right side of
this table from the point of view of the audience. I think we’re also
on the right side of the argument as far as public health is con-
cerned.

I'm a physician and an epidemiologist. I've been involved in air
pollution research for 30 years. I started my career with the Envi-
ronmental Protection Agency and then moved to the University of
North Carolina some 25 years ago.

I was recently a member of the panel on Particulate Matter of
EPA’s Clean Air Science Advisory Committee and I'm here to sup-
port the proposal to establish a new standard for fine particulates.
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I agree with EPA’s proposal that the PM,s standard be estab-
lished at a concentration of 15 pg per cubic meter annual average.
I think there are three compelling reasons for EPA to establish an
air quality standard for PM, s as proposed.

The first reason is that I see and I think CASAC has also seen
that there’s ample evidence for a causal relationship between popu-
lation exposure to fine particles and effects on mortality and mor-
bidity in the population. There is ample evidence for excess mortal-
ity, for excess hospital admissions, for excess respiratory symptoms
in adults and children and for decreases in lung function in chil-
dren associated with currently experienced levels of particulate air
pollution.

The second reason is that given this causal relationship, the
health burden of exposure to particulates in the United States
today consists of thousands of excess deaths, hospital admissions,
and respiratory disease episodes.

These excesses can be addressed by a concerted program to lower
the concentration of ambient air particulates. This program will
bring a major health benefit for a majority of the U.S. population.

The third reason I think there is compelling reasons to support
EPA’s proposed standard is that the Clean Air Act requires the Ad-
ministrator of EPA to establish a national ambient air quality
standard that avoids unacceptable risks and protects public health
with a margin of safety.

The risks that I've mentioned of thousands of deaths and hos-
pital admissions I think are unacceptable and I think everyone
would agree on that.

The proposed PM, s standard that EPA has really provides only
a minimal acceptable margin of safety against the mortality and
morbidity risks that we have observed. We've seen excess mortality
and morbidity when PM> s concentrations are no more than 10 per-
cent above the proposed EPA standard of 15 mg per cubic meter.

So even though the proposed standard may not actually be ade-
quate, I think it will at least move our country in the right direc-
Fiion of greatly minimizing the currently unacceptable health bur-

en.

The rationale for saying that there is a causal relationship I
think was very well spelled out in the air quality criteria document
of EPA to which CASAC agreed and the members of CASAC in-
cluded epidemiologists who had a great deal of experience in the
health effects of air pollution, including Frank Speizer, Jonathan
Samet, Mort Lippmann, my colleague here, and myself.

I think that in contrast to the other persons mentioned earlier
who did not agree with causality, the persons who have had a great
deal of experience in epidemiologic studies of air pollution have
agreed that there is a causal relationship established between par-
ticulate exposures and excess mortality and morbidity.

Thank you, Senator Inhofe.

Senator INHOFE. Thank you, Dr. Shy.

We've been joined by Senator Lieberman and I'd like to ask if he,
at this time, in introducing his daughter, would like to make any
statement?

Senator LIEBERMAN. Thank you, Mr. Chairman. You anticipated
my most significant announcement which is to express my pride in
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having my daughter, Hanna Rachel, with me. Would you stand
briefly? Thank you.

[Applause.]

Senator LIEBERMAN. Undoubtedly, a future Senator from the
State of Connecticut. I won’t say yet which party because you
know how children are.

Senator INHOFE. I'll work on her.

[Laughter.]

Senator LIEBERMAN. I apologize for being late. I don’t want to in-
terrupt the flow of the hearing and when it’s time for questions, I'll
be glad to join in.

Thank you.

Senator INHOFE. Thank you, Senator.

We’'ll now hear from Dr. Morton Lippmann who I think has be-
come a regular around here.

STATEMENT OF DR. MORTON LIPPMANN, INSTITUTE OF
ENVIRONMENTAL MEDICINE, NEW YORK UNIVERSITY

Dr. LiPPMANN. Not my own choice, but I am responsive to the
will of the Congress.

Dr. Shy, with whom I served with on the CASAC PM Panel, has
clearly covered the high points of the necessity for a fine particle
standard. I was asked today to talk about the ozone issue and the
risk assessment for ozone.

In the case of ozone, we understand some of the mechanisms
very well and we have a huge body of clinical data which estab-
lishes some reversible but potentially important effects. So the
problem there is the significance of small changes in lung function
has been questioned as a basis for tighter control.

I point out in my testimony that the field studies of ozone re-
sponses in people engaged in natural activities outdoors that I pio-
neered in my own laboratory document clearly that the chamber
responses are a minimum response, and that for whatever reason,
we can’t fully explain, per unit of ozone people in natural settings
have greater functional responses and that establishes a baseline
but not the full risk associated with the acute responses.

In our most recent paper published in February, we looked at
asthmatic children and found physician-prescribed medication, as
well as functional changes that would have to be considered ad-
verse for this population.

There has been a lot of attention to the hospital admission stud-
ies and certainly ozone is not considered a causal factor but many
people have asthma and it does aggravate it. I call your attention
to page 5 of my prepared remarks which show the pyramid of re-
sponses associated with ozone from a wealth of environmental and
epidemiologic data.

The EPA only took hospital admissions for asthma into account.
There are equal numbers of nonasthma respiratory admissions.
There is mortality and there’s been a flood of new peer review data
since the document was prepared, at least eight papers I've col-
lected, that show greater associations with mortality and ozone,
plus the hundreds of thousands of restricted activity days and asth-
ma attacks which are documented in that chart. So I think the
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Agency did not fully explain the serious health effects associated
with ozone.

The pyramid also shows the coherence of responses. This is the
progression of increased numbers with decreasing seriousness that
one would expect if something real is happening.

There are some very important effects that are poorly understood
which are not covered in the document, primarily because of the
absence of data. The evidence clearly indicates that the lungs age
more rapidly, that they become stiffer. We are probably talking
about reduced longevity, although that is speculative at this time.
That’s a margin of safety consideration which the Administrator is
obligated, by law, to consider in dealing with evidence primarily
only on the acute effects.

I think it’s important to reiterate that with all its limitations,
this criteria document, the staff paper for ozone, are by far, in my
opinion, the best that EPA has ever produced. Theyre more inter-
pretative, they take all the evidence into consideration in a better
way, and I can speak for experience since I've sat on every PM and
ozone panel since 1980 that EPA has gone through.

In the end, there are uncertainties and if we’re going to be more
efficient in addressing the ozone issue, we need to engage in re-
search based on the questions that have become better focused and
sharpened through this review cycle.

I won’t reiterate my previous written testimony responses to your
earlier questions and so forth about the level of research that’s
needed, but ozone and particles are strongly interrelated and I note
in my testimony this time that there will be benefits from control-
ling ozone that go beyond the effects of ozone alone.

When ozone is formed, fine particles are formed. The presence of
the oxidants in that mixture oxidizes SO, and NO, to form more
fine particles. So by controlling ozone, we would be substantially
reducing the presence and impact of the fine particles which Dr.
Shy has been talking about. So some of those benefits EPA did not
claim I think are legitimate claims for the reduction of ozone.

I thank you.

Senator INHOFE. Thank you, Dr. Lippmann.

Dr. Alan Krupnick.

STATEMENT OF ALAN KRUPNICK, SENIOR FELLOW,
RESOURCES FOR THE FUTURE

Dr. KrupNICK. Thank you for inviting me to the hearing.

I wanted to mention first that I was in the first Clinton adminis-
tration on the Council of Economic Advisors and I chair EPA’s Sub-
committee on Ozone, PM and Regional Haze Implementation Pro-
grams but these comments are entirely my own.

First, I wanted to applaud the Republicans for their openminded-
ness in inviting me here because I have somewhat of a mixed mes-
sage.

On PM, I favor a fine particle standard, but one less stringent
than the Administrator has proposed. On ozone, I favor changing
to an 8-hour standard but set at a level of stringency no more
stringent than the current standard.

I wanted to address my remarks to just a few points that have
been in the debate, both in the EPW and in the press.
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The first is junk science as applied to PM. Of course there are
major uncertainties with respect to the epidemiology, the toxi-
cological mechanism and so on but nevertheless, I think the sci-
entific record supporting a fine particle standard is actually more
than adequate judging from the perspective of the information un-
derlying previous NAAQS rulemaking efforts which, in my view,
are pretty laughable compared to the amounts of information we
have here.

I think the Administrator is being prudent in issuing a fine par-
ticle standard and as to those who would wait until uncertainties
are resolved, I say the best way to gain a better understanding of
this pollutant and its consequences is to issue a fine particle stand-
ard now and that will get the country’s attention.

EPA needs to be mindful of the possibility of going in the wrong
direction and needs to have a process that triggers speedy reopen-
ing of the NAAQS process and the SIPs to reverse direction if it
looks like that is the way to go.

The second issue is science versus policy judgment. Adminis-
trator Browner came before you cloaked in science as a justification
for the standards but as the CASAC said, science doesn’t lead to
a bright line for either ozone or PM. There are no thresholds.

I feel for the Administrator that the Clean Air Act is not really
giving her criteria for making a judgment, so she has to use her
own. With respect to ozone, I think they are making the wrong
judgment, the ozone effects seem to be very small of a tighter
standard, the costs are likely to be huge, and their risk assessment
is highly flawed.

In terms of backyard barbecues, industries use this analogy to
dramatize the potential for invasive controls on everyday living and
I have to agree with the analogy. In fact, one way or another, emis-
sions coming from consumer sector activity will need to be con-
trolled. Driving is going to be more expensive, inspection and main-
tenance programs are likely to have to go into new nonattainment
areas. These are the areas where there are large emissions and
they have to be addressed.

We've heard from EPA that the cost estimates for industries are
usually higher than they turn out to be, the industries’ own esti-
mates, but using EPA’s own estimates, you find the cost of going
partway to meeting the ozone standard will be $2.6 billion and
partway to the fine particle standard will be $6 billion. This is only
a little of the way down the path.

Chicago, EPA finds, only can get 14 percent of the reductions it
needs in trying to meet the new standard. The Northeast, for PM,
only can get 16 percent of their reductions. There might be innova-
tion and economic incentives that will hold down costs, but we’re
looking at much larger costs than EPA has written about.

I wanted to agree with Susan Dudley on UVB risks. EPA refuses
to look at these and they are a major issue.

On the benefits of fine particles, we’ve heard that these are large
dollar benefits based on valuing reduced mortality risks.

From the work that I've done, I find this is based on a body
count approach to risk assessment. It doesn’t recognize that most
of the effects are to older people with compromised health, really
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affecting the life expectancy of older people and by a very tiny
amount.

Using values that older people provide for increasing their life
expectancy a tiny amount, as well as those from younger people
who provide this information from reducing their future life
expectancies, has the potential to dramatically lower these benefits.

Finally, I've got to come back to Congress to say I think you
should really fix the outdated criteria in the Clean Air Act for set-
ting standards. Require that the Administrator consider benefits
and costs of her actions, but of course consider this along with
other criteria such as public health protection and equity and eth-
ics.

If we’re going to appropriately allocate our resources, we simply
have to have the Administrator considering the social benefits of
her actions.

Senator INHOFE. Thank you, Mr. Krupnick.

We're going to proceed now and we’re going to try to adhere to
the same confinements that we’ve imposed upon you.

Ms. Dudley, in your testimony you raised the issue of negative
health effect and that was also referred to by Mr. Krupnick. You
based your information on EPA data. You said they did not con-
sider this in the proposal. Is that true?

Ms. DUDLEY. Yes, that’s true.

Senator INHOFE. So the agency didn’t factor these health costs
into their benefit calculations?

Ms. DubpLEY. That’s right. There’s a paragraph in the RIA that
says they expect the UV-B effects will be small.

Senator INHOFE. It’s my understanding that the EPA was briefed
on the health costs by the Department of Energy and I have the
statement from the Department of Energy which I do want to sub-
mit to the record at this point because this actually makes com-
ments on things far more serious than just UV radiation. They talk
about HIV patients, skin cancers, cataracts and many other things
there also.

While we talked about decreasing ozone and the benefits, we
didn’t talk about the liabilities that go with that?

Ms. DuDLEY. Exactly.

Senator INHOFE. Mr. Starr, I’d like to focus on one statement you
made in your testimony which I addressed in my opening state-
ment which leads to my main concern with the risk analysis for
PM and that’s the uncertainty with the science leading to uncer-
tainty with the risk.

You said “Although there is not a proven causal relationship be-
tween the health effects and PM, the EPA had to assume a causa-
tion in order to calculate the expected benefits.” How does this as-
sumption throw off the benefits projections?

Dr. STARR. Senator, I think the important issue there is there is
a certain probability that a causal relationship does not exist and
if it does not exist, then implementation of standards may have, in
fact, zero benefit.

Also important is to consider that those benefits were calculated
with essentially a straight line type relationship between exposure
level and response. Ironically, because most of the days of the year
are characterized by low or moderate levels of particulate matter,
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the projected benefits arise primarily from those days and not the
days with high level exposure to particulate matter.

That is the area where the relationship, if there is one, is most
uncertain. We do not know if there is an association and particu-
larly—specifically we do not know what the nature of it is at these
relatively low and moderate levels of PM.

Senator INHOFE. Dr. Chilton, in your testimony you stated, “The
upper bound benefit estimate of $1.5 billion in EPA’s analysis for
ozone results from the assumption that the proposed standard
would save lives and that this claim is unsubstantiated.” I think
that’s very significant. I'd like to ask you to elaborate on that.

Dr. CHILTON. That’s where I guess Dr. Lippmann and I would
disagree. I don’t think any of the studies he’s talking about that
try to show premature mortality relate to the kind of exposure lev-
els that we’re experiencing in this country. Nowhere else in the dis-
cussion is EPA talking about mortality effects of ozone except in
the regulatory impact analysis. Then, to estimate the high end of
the benefits, they take into account mortality effects. It’s inconsist-
ent, if nothing else.

Senator INHOFE. Would you say that fine particles don’t cause
deaths?

Dr. CHILTON. This is ozone we're referring to here, I believe. No,
with fine particles, I just say the case is out on their effects. The
science isn’t sufficient enough to warrant setting a standard at this
time. I don’t share Dr. Krupnick’s optimism that if we launch into
this brave new world that it will all come out in the end. I'm afraid
we'll do a lot and it may not have any effect whatsoever, but it will
be costly.

Senator INHOFE. Do you want to respond to that?

Dr. KRUPNICK. Just a little. It’s not all that brave. We already
are controlling sulfur dioxide which would reduce sulfate levels
which is counted as a fine particle. As Dr. Lippmann said, we are
already reducing nitrogen dioxides which also convert to fine par-
ticles.

One issue I'd want to take up with Dr. Lippmann and mention
to the committee is if we did not go further on ozone, we would not
have to go as hard after volatile organic compounds, VOCs, as we
would do if we tighten the ozone standard. I think that would save
the country a lot of money for very little health risk.

Senator INHOFE. In attempting to stay within my own time limi-
tations, I'm going to jump to Dr. Shy. In your testimony, you state
a proposed standard of 15 pg per cubic meter for PM provides “a
minimal acceptable margin of safety.” I would ask you how many
other members of CASAC shared your view that 15 was minimally
acceptable?

Dr. Suy. It’s difficult to tell because quite a few of the members
of CASAC didn’t express a numerical number.

Senator INHOFE. How many expressed it? It’s my understanding
there were only two and those are the only two who are here today
who agreed with that figure.

Dr. SHY. Yes. One thing you have to realize is that many of the
members of CASAC were not health risk experts or epidemiolo-
gists.
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Senator INHOFE. So of the 21 scientists, just the two of you had
expertise in this area and were able to properly analyze this and
come to this conclusion?

Dr. SHY. I wouldn’t say we were able to properly analyze, I'd say
we’ve had in-depth knowledge of the quantitative levels of health
effects and exposure that many other members of CASAC did not.

Senator INHOFE. And the other 19 did not?

Dr. SHY. Right.

Senator INHOFE. Senator Lieberman.

Senator LIEBERMAN. Thank you, Mr. Chairman.

This gets to what for me is at the heart of what is happening
here. As you know, Mr. Chairman, I've generally supported the
proposed standards, although I'm still learning and have some
questions that I want to have answered on the understanding that
the basic two-tier system that was established in the Clean Air Act
is a sensible one which is that first, we have the obligation to try
to reach a judgment, or the Administrator does, as to what the
health consequences to people are of polluted air, and then, in the
implementation phase, the system allows for the practical consider-
ations, including costs.

For instance, in Fairfield County, CT, the prevailing air quality
standard, the county was given 17 years to come into compliance
because of the difficulty of doing that. That, to me, represented a
combination, to the best science can provide us, of the health
standard and then allowing factors of practicality and cost benefit
to be fed into on the second tier.

I regret that I will not be able to listen to the testimony of most
of you but I've gone over the written testimony submitted that we
had before. Although obviously it’s hard for those of us who are
nonscientists to appreciate this, there are many occasions when sci-
entists don’t quite agree on where truth is. I don’t know that I'd
say there is artistry in science, but it’s not always a question of two
and two equalling four.

Perhaps I should start with a broad question for any of you who
would care to answer it, particularly those who are critics of these
air quality standards as they’ve been proposed. Is your criticism
that the science is bad or is your criticism that cost benefit doesn’t
justify the standards?

If it’s the latter, then my conclusion is that in the implementa-
tion phase, we'll take care of that, but if you disagree with that,
I'd be interested in hearing why. Dr. Chilton.

Dr. CHILTON. I would like to comment on that. I do have a fun-
damental problem with the two-tiered approach. Absolutely, we
need good scientific information, but I do not understand why we
have proscribed having economic information. The strength of the
economy has something to do with public health. It also has some-
thing to do with a lot of things that Americans value, as well as
they value being protected from air pollutants.

I once suggested in an op-ed that we can create an Association
for Compassionate Economists. It sounds like an oxymoron, but
economists are some of the few people looking at the issue and say-
ing that we need to look at benefits and costs. We need to make
sure that benefits outweigh costs. Incremental spending on one pro-
gram must provide more benefits than cost, otherwise we’re wast-
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ing resources. Those wasted resources even could be health-related
resources.

Senator LIEBERMAN. But why do that at the same level? In other
words, it’s hard to do it with an operation but maybe if you went
to your doctor and he gave you his best guidance about a condition
you had and let’s assume for a moment it’s not life-threatening,
and told you how much it would cost over your coverage, wouldn’t
you first want to know what the threat to your health is and then
afterward decide whether you can afford to fix it?

Maybe a less frightening analogy is some repair to your house
which somebody who should know is telling you what you ought to
do, but then you’re going to decide as we do all the time whether
you can afford it at that given moment or not. At least you want
the first stage to be as close to the fact regarding risk as somebody
can give it to you.

Dr. CHILTON. The problem is, though, that at the end of the first
stage, we've already made the decision. You're already going to
incur costs. It’s just a question of whether you're going to incur less
cost because you do things a little more intelligently. You've al-
ready made the decision.

I often use the example of buying a car. Would you want to buy
a Mercedes or a Chevrolet if all you cared about was quality? Well,
you'd decide on the Mercedes. Then you can shop for friendly loan
arrangements to try to reduce the payments for that Mercedes. If
you looked at both quality and cost, you would have probably said,
“My budget won’t afford a Mercedes, and I'm going to go with the
Chevrolet.”

Senator LIEBERMAN. For me, that’s essentially different because
there is no particular risk whether you’re buying a Chevrolet or a
Mercedes, but there is the home improvement fellow who tells you
your roof is about to fall in or if the doctor tells you that you've
got a health problem and the question is how do you begin to treat
it, do you do the more expensive or the less expensive. Ms. Dudley.

Ms. DuDLEY. I don’t want to take up all your time but I looked
only at the ozone rule and I think the rule is actually increasing
health risks.

Senator LIEBERMAN. Because of the connection to the ultraviolet
radiation?

Ms. DuDLEY. The ultraviolet radiation and also the notion that
if asthma is our concern, there are so many other ways we can ad-
dress asthma and make people with asthma have better lives that
are better than this rule.

Senator LIEBERMAN. Without telling kids they’ve got to go inside?

Ms. DUDLEY. Right. I think more research on what is causing
asthma is going to help a lot more children than this rule.

Senator LIEBERMAN. I was puzzled by that business about the ul-
traviolet radiation. Forgive me, I'm giving an extreme rendering of
it but it almost sounds like the more ground level ozone we have,
the better it’s going to be for us because it’s going to protect us
from ultraviolet radiation. That can’t be what youre asking be-
cause we know at some level people get sick from ground level
ozone.

My lay reaction to what you said is that you were mixing apples
and oranges here, that 95 percent of the atmosphere is ozone and
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way up 30 miles above our heads. The ground level ozone is only
ﬁbout 3 to 5 percent of the total and that’s what we’re focused on
ere.

Ms. DUDLEY. That’s true. It’s a real tradeoff though. These are
real health risks, these cataracts, skin cancers, and deaths.

Senator LIEBERMAN. Sure.

Ms. DUDLEY. They are just as real as the health risks from
ozone. Some might even say more real. All I'm saying is that a pol-
icymaker needs to have that information.

Senator LIEBERMAN. This is my last question because the red
light is on but aren’t we taking care. Presumably we continue to
implement the CFC prohibitions. Aren’t we taking care of the strat-
ospheric ozone level in a way that doesn’t require more ground
level ozone to protect us from UV radiation?

Ms. DUDLEY. I guess that’s a decision that policymakers should
make, but it shouldn’t be hidden. It should be explicitly addressed
because it is a very real tradeoff.

Senator LIEBERMAN. Thanks, Mr. Chairman. I'm sorry I went
over.

Senator INHOFE. Senator Hutchinson.

Senator HUTCHINSON. Thank you, Mr. Chairman.

Ms. Dudley said, I think at one point in her testimony, that it
would take at least a decade for implementation of these. In the
hearing we had with Carol Browner, I outlined a time line which
I think wasn’t unreasonable in implementing the PM standard. Re-
cently at a meeting with EPA, it was suggested that monitoring
should begin as early as January 1998.

Since EPA clearly didn’t have the money to establish the mon-
itoring outposts that would be necessary, the question was asked,
where will the money come from to buy the new monitors? I think
there are 51 on PM, 51 monitors nationwide, so where do we get
the money to do that?

EPA’s answer was that it was expected that States have already
begun to budget money to purchase monitors in preparation of the
implementation to standard. So yesterday, we talked with the Ar-
kansas Department of Pollution Control and Ecology to see if EPA’s
assertion was correct in Arkansas. Has Arkansas begun to budget
money to purchase monitors? The response was about what I ex-
pected. They laughed.

In Arkansas, they budget every 2 years. We just finished the
budget cycle about a week ago. The next budget process will not
begin until 1998, will not be finalized until March 1999. No new
money would be available until at least July 1999.

I don’t know what the other State budget processes are like but
I suspect they are similar which means the money available to pur-
chase these monitors for a regulation that is not even being pro-
mulgated is a long ways from being there. So at least in Arkansas,
monitoring probably could not be possible until sometime in the
year 2000 at the earliest.

If you assume a 3-year monitoring period, a year of technical
analysis, State implementation plan proposals, et cetera, we're
looking at the actual control of particulates sometime well into the
next century, maybe even as late as 2006, 9 years away or a dec-
ade, is about what Ms. Dudley said.
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Dr. Krupnick, you may be right, it may be worth going ahead
and doing this to get the country’s attention, but I think surely
there is a better way.

My question is given the conflicting scientific evidence that we
have, and I think Dr. Lippmann said there are uncertainties, at
least in the ozone area, wouldn’t it be just as productive to do the
research on the issue for a few years to determine the best route
to t%ke on regulating PM and really get an answer to that ques-
tion?

Dr. Lippmann, it’s my understanding at a recent House hearing
on the standards, you testified that if given a choice between imple-
menting the PM standards now or waiting 5 years and getting $50
million a year for research on particulate matter, you'd rather have
the money for research and that makes sense to me. It would seem
to me that would be the best use of very limited resources.

Dr. LipPMANN. No, that is not correct. I don’t think you’ll find it
in the record. There was a hypothetical question by one member
that stated, couldn’t some of the same objectives be obtained by
targeting, monitoring and research money as implementing the
standard.

In the particular context of the question asked, I said, much of
the objective could be achieved, but I do not endorse delaying the
standard. I think without the standard, we won’t have the monitor-
ing data.

Monitoring data is useful for legal enforcement and in the initial
case, as you suggest, for finding out whether enforcement will be
needed, but in this field where we’re looking at population re-
sponses, and for PM, that’s what is driving it, human responses
based on comparison of health responses to ambient levels. Only
the existence of the standard will get that monitoring network in.

I think I’d like to respond to what you just said in terms of the
dollars. I participated in the CASAC Panel on the design of the
monitoring system. EPA was very concerned about the cost of the
system and I think they went a little too far in making it inexpen-
sive.

I think it might be better to invest a little more in monitoring
and get more frequent and better data, so the monitoring equip-
ment is not expensive. Arkansas or any other State does not need
a separate budget. The budget of the agency which is now monitor-
ing will not be greatly stretched by buying a few of these monitors.
That’s a false issue.

Arkansas and the other States may have no choice, if monitoring
is required, theyre going to have to do it and they are going to
have to find a few thousand dollars to buy a monitor. That’s not
an issue.

We may, in fact, not enforce these rules until the next century
but if we don’t start now, we’ll never start.

Senator HUTCHINSON. Except that we may be imposing the
wrong rules and not have the research.

Dr. LipPMANN. Clearly that is not the case now.

Senator HUTCHINSON. I know that is your opinion but we heard
lots of testimony over the preceding hearings that there is a lot of
conflicting opinion and clearly, it is a policy decision that is being
made. It may be the case that our biases are imposing our policy



26

view on this, but it’s not just science. There certainly is a differing
opinion among the scientists who have testified.

Mr. Starr, you said in your opinion, there would be zero benefit
with the new standards. Ms. Dudley, you said—and this was kind
of startling—your assertion that in fact the new standards would
negatively impact health risks. I guess that’s the UV. I think Mr.
Krupnick said in fact he didn’t think EPA adequately addressed
those concerns.

Dr. Shy, what is the answer to that? Why has that issue not
been dealt with, the possible negative health risks that could be
the result of these standards?

Dr. SHY. I think many of them are claiming that ground level
ozone is somehow going to protect us against ultraviolet light. It is
really stratospheric ozone that is important, not ground level ozone.
That point was made by Senator Lieberman.

Senator HUTCHINSON. Indeed, he did. Ms. Dudley, could you re-
spond to that?

Ms. DUDLEY. EPA’s analysis, if you look into it, indicates that it
is total column ozone that matters, and ground level and strato-
spheric ozone both have the same impact on total column ozone.

Senator HUTCHINSON. I know my time is up but Mr. Krupnick
would you comment on this line?

Dr. KrRUPNICK. I have to agree there. Although there is only 3
percent of the total ozone column which is low level, these ozone
benefits that we’re talking about from tightening the standard are
so small that they can be overwhelmed or maybe nearly over-
whelmed by the small increment.

Senator HUTCHINSON. Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Senator Hutchinson.

We're a little bit ahead of schedule so while we’re not going to
have a second round, I want to ask if any of the members remain-
ing would like to ask one additional question. We can do it and try
to keep it down to about 2% minutes.

Before you came in, Senator Lieberman, we talked about what
was going on over there and why we had to make sure to stay on
schedule, so we can get back to our meeting.

Dr. Krupnick, you support the PM proposal except you would
apply cost factors and set the standard higher at 20 micrograms,
is that correct?

Dr. KRUPNICK. That’s right.

Senator INHOFE. You agree that we don’t completely understand
the mechanisms or which of the particles is the culprit, correct?

Dr. KRUPNICK. Right. I say this this way just because to me the
epidemiological literature on PM does tell a compelling story, a co-
herent story. There are lots of uncertainties, but again, as I said
in my testimony, if you go back to when the ozone standard was
set in 1977 or 1978, a handful of studies, incredibly primitive tech-
niques, very little information, total policy call on the Administra-
tion’s part.

Senator INHOFE. OK, but I guess what I'm trying to get at also
is you’d said Congress should bind the EPA in the event the evi-
dence came along, they could fast track some legislation. If that
should happen, would that reopen the Clean Air Act?
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Dr. KrRUPNICK. I think there could be agreements made with EPA
to develop a fast track process. You'd have to ask your lawyers
about that, but there should be some fail safe measures put in so
that we can reopen the NAAQS process quickly.

Senator INHOFE. Last, on ozone, you mentioned the importance
of selecting the appropriate number of exceedances. The EPA has
chosen three and I recall you were here during our first scientific
meeting. I remember Dr. Schwartz was saying the standards are
much more stringent over in Europe. However, we found out in Eu-
rope, they are not 3, but 10 and that’s in a period of 1 year instead
of 3 years. Would you comment on how this would affect the U.S.
standard and how the EPA should determine an appropriate num-
ber?

Dr. KrRUPNICK. This sounds like it’s not an important issue, when
you say three or four or five or six exceedances, but in fact, because
the distribution of daily readings of ozone is so skewed, just in-
creasing that number of exceedances from three to five could result
in 200 fewer counties being in violation. So this is an extremely im-
portant decision and one the Clean Air Act criteria doesn’t give the
Administrator really any guidance on.

Senator INHOFE. That’s the point I'm making on this.

Senator Lieberman.

Senator LIEBERMAN. Thanks, Mr. Chairman. I appreciate the op-
portunity to ask one more question.

This goes to the basic two-tier system and the standards set in
the first tier. Dr. Chilton, I didn’t have a chance to hear you but
I gather you spoke to an issue that I read in a Providence Journal
article you’d written the lend of last year which was to recommend
“EPA should shift from the old paradigm of protecting the public
health with an adequate margin of safety to a new paradigm pro-
tecting the public against unreasonable risk of important adverse
health effects.”

In the context of the scientific uncertainty, it has been my con-
clusion that we ought to stick with the current standard which is
protecting the public health with an adequate margin of safety and
then fit in the practicality, including cost in the second tier.

I worry in the recommended new standard that you’ve proposed
that there’s a lot of words there that are not scientific, in other
words, for instance, unreasonable risk with the emphasis on unrea-
sonable which is a tough word to define, and not only adverse
health effects which EPA has been protecting us against with an
adequate margin of safety, but important adverse health effects
again, leaving some question about definition.

Maybe I'd first ask Dr. Lippmann and then ask you to respond,
based on your own experience on CASAC, how do you respond to
Dr. Chilton’s proposed change from the adequate margin of safety
in terms of health to unreasonable risk of important adverse health
effects and then I'd ask Dr. Chilton to respond?

Dr. LipPMANN. I think Dr. Chilton’s language allows anybody to
come to any conclusion they want. I think we've lived with the
Clean Air Act language for many years and it has led to very great
improvements in air quality and improvements in public health as
a result of the reduction of air pollutants.
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Senator LIEBERMAN. Am I not correct that EPA sets the stand-
ards not to protect against all identifiable effects but only against
those that are adverse?

Dr. LipPMANN. That’s correct and that’s where the ozone effect on
lung function comes in. It can easily measure small changes in ca-
pacity but we have trouble interpreting it as being adverse until it
reaches a certain magnitude. So I think judgment will always be
necessary, but I think as long as we choose to give great emphasis
to the public health and look at populations at risk, not extreme
individuals at risk as the EPA currently has been doing, I think
the current rules are quite reasonable.

In fact, in recent examinations of acceptable ozone levels, the
trend is well below those proposed by EPA. The World Health Or-
ganization in Europe has just adopted a 60 or .06 ppm rec-
ommendation for ozone based on 8-hour exposure, not .08.

In fact, the occupational health limit for workers who are adults
and healthy enough to work is now .08 for moderate work and .05
for heavy work. So we're not talking about extreme degrees of pro-
tection; we’re talking about only protecting to the level that healthy
workers are being protected currently.

Senator LIEBERMAN. Dr. Chilton.

Dr. CHILTON. I'd like to respond to your question. I think we’re
stuck with the problem of words being ambiguous. I don’t think we
can define “public health” with no ambiguity. I don’t believe we can
define “adequate margin of safety” with no ambiguity.

In point of fact, CASAC has said in its closure letter that the cur-
rent paradigm is impossible. It will not work because we can find
effects all the way down to background levels. So there is no ade-
quate margin of safety possible.

I don’t know how you ignore that conclusion. I agree with that
conclusion. I concluded that a long time ago and I was really
thrilled to see that in print.

The point of trying to go to an objective that prevents important
adverse health effects and unnecessary exposures is that it gets
around a problem that Milton Russell, a former EPA official, once
described. Dr. Russell said that the Clean Air Act, the way it is
currently written, protects against the effects of a common cold and
cancer as if they were both the same and as many resources should
be spent on the one as should be spent on the other.

I think that is a fundamental flaw of the Clean Air Act. There
is no differentiation of what is a significant public health effect.
The interpretation of “adverse” is set at a very low level. If some
small group of sensitive individuals are affected, that’s an adverse
effect. Whether it’s reversible or not doesn’t matter; whether it’s le-
thal or something that is an acute effect is not taken into account
either.

Senator LIEBERMAN. Thank you, Dr. Chilton. I understand your
position but respectfully, I disagree with it because I'd prefer it to
err on the side of the adequate margin of safety as opposed to open-
ing up the doors of unreasonable risk of important adverse health
effects. It’s been a good exchange.

Thanks, Mr. Chairman.

Senator INHOFE. Thank you, Senator.
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I have one more question for clarification. Senator Hutchinson
made a comment, Dr. Lippmann, and asked the question about
going forward with the agency’s PM proposal or in lieu of that,
spending $50 million a year for 5 years on PM research and was
implying that your position at that time was you would support
that. You said that’s not correct.

I'd asked for the transcript of the meeting and I'll just read this
for what it’s worth because I think it is a little bit confusing.

Representative Barton said, “I think she’s saying we would do
the measurements, we would appropriate the money to do the
measurements; we just wouldn’t set a standard. I think that’s what
she said.”

Representative Cubin, “Exactly. That’s exactly what I said.”

Representative Barton, “So would you oppose that?”

Dr. LipPMANN. “No. If in fact the situation were created where
we were getting this information and the pressure is under the cur-
rent Act to get the levels further down, we could get away with
that. I doubt if that’s going to happen.” Is this an inaccurate state-
ment?

Dr. LipPMANN. I stand by my earlier statement to you. It was a
hypothetical and it wasn’t inaccurate in the terms of responding to
a hypothetical, but it’s not my preferred position by any means.

Senator INHOFE. Then you can have it both ways.

Dr. LIPPMANN. If you interpret it that way.

Senator INHOFE. All right.

First of all, thank you very much all of you for coming. We ap-
preciate it.

I see there are no further questions and we’ll move on now for
our second panel, the panel on implementation. Our second panel
consists of, again, Alan Krupnick—we’re going to wear him out—
Resources for the Future; Mr. Paul Kerkhoven, manager of Envi-
ronmental Affairs, American Highway Users Alliance; Mr. Ben
Cooper, senior vice president, Printing Industries of America; Ms.
Beverly Hartsock, deputy executive director, Texas Natural Re-
sources Conservation Commission; Ms. Mary Nichols—we know her
very well—assistant administrator, Office of Clean Air and Radi-
ation, Environmental Protection Agency; and Ms. Patricia Leyden,
deputy executive officer, Stationary Source Compliance, South
Coast Air Quality Management District. Welcome to the panel.

Let’s start off with Dr. Krupnick, again.

STATEMENT OF ALAN KRUPNICK, SENIOR FELLOW,
RESOURCES FOR THE FUTURE—CONTINUED

Dr. KrRUPNICK. I want to doubly emphasize here that I'm speak-
ing from a position of experience as the co-chair of EPA’s Federal
Advisory Committee for Ozone, PM and Regional Haze Implemen-
tation Programs, but I am speaking for myself, not for what I'll call
the FACA.

My main message to you is that the proposed standards, if they
become law, are likely to be incredibly expensive to implement and
our FACA is working toward developing consensus ideas to try to
reduce those costs.

The Administrator has clearly endorsed cost effectiveness as a
major criterion for developing an implementation strategy and I
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think Congress’ job is to help EPA live up to this goal and remove
any impediments posed by the Clean Air Act.

For this testimony, I'm taking it as given that the proposed
standards are going to become law and now I'm asking, how can
we cost effectively get there.

Some background on FACA since I'm going first here. The EPA
established this now 82-person subcommittee to obtain advice and
recommendations from a broad group of stakeholders on possible
new cost effective approaches to attaining the NAAQS and reduc-
ing the regional haze. We were charged with thinking out of the
box and out of the Clean Air box as well, if that was appropriate.

The committee has reached few specific consensus recommenda-
tions and the subcommittee and associated work groups have been
working, and also EPA staff, exceedingly hard and are making sig-
nificant progress in identifying options, discussing the pros and
cons of many critical issues, and deciding how to decide on which
options are the best.

Our subcommittee will continue through 1997 with the goal of
providing EPA with input and perhaps consensus recommendations
on issues critical to the development of their implementation strat-
egy.

We can’t work miracles, it’s a very large, diverse group. We get
into a lot of tense arguments and I think the progress has been
limited so far because the standards issue has not been settled.
Once that issue is settled, I think negotiations are likely to become
much more intense.

There are a number of measures that have come out of our
FACA that have come up, although they are not agreed upon by
any means yet, that I thought I'd bring to the attention of the com-
mittee for reducing the costs of meeting these standards.

No. 1, that I think does not require congressional action has to
do with reasonable further progress reform. Serious consideration
is being given to one, basing measures of progress on effective
emissions which would account for the effect of a location of a
source, its stack height and other factors rather than assuming
that all tons are equal when the States go after emissions reduc-
tions under RFP.

No. 2, giving States the flexibility to define RFP that’s appro-
priate for their particular conditions rather than one-size-fits-all,
and No. 3, permitting States to take credit in the present for emis-
sions reductions that would occur in the future, such as through
land use controls.

Congress can do several things. The first is to affirm EPA’s inter-
pretation of the area classification section of Title I. This interpre-
tation is that a change in the form and/or level of the ozone stand-
ard would invalidate this section. That affirmation is essential, I
think, if the highly prescriptive and expensive mandates that are
in the Act are to be able to be reexamined.

The second is, I'm afraid to say, to open the Clean Air Act. I
think the Act significantly restricts EPA’s ability to implement cost
effective ideas without compromising environmental protection. Let
me give you a few examples.

The first is facilitating the creation of a regional NAAQS trading
program. In the FACA, if there is one thing we've agreed on, it’s
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regional air management partnerships, or RAMPs, that are re-
gional planning institutions that could help develop a NAAQS trad-
ing program. My fear is that we need Federal involvement to get
all the States to play by the same rules.

We need, I think, to eliminate LAER and BACT requirements,
the tight technology requirements on new sources if there is a trad-
ing cap in place. We can’t do that with the current Act.

Congress should make it clear that episodic use of controls to re-
duce ozone episodes are creditable toward reasonable further
progress and for use in attainment demonstrations.

Although I'm sure Congress is reluctant, it should provide EPA
with authority to require that States adopt specific cost effective
policies and measures as part of their SIPs. This should come with
a quid pro quo that EPA’s requirements pass some sort of cost ef-
fectiveness test.

Finally, on the Clean Air Act, I think Title II and Title IV need
to be reopened as well in light of these new standards. Both of
them can inhibit the use of cost effective approaches to meeting the
standards.

For instance, on the SO, Allowance Trading Program in Title IV,
that has been pretty successful, but the cap may need to be tight-
ened to meet these tighter, fine particle standards.

My last plea is one that’s already come up which is for Congress
to increase a target funding for monitoring and make it a line item
in the EPA budget so it can’t be raided for other uses.

Thank you.

Senator INHOFE. Thank you, Dr. Krupnick.

Ms. Mary Nichols, it’s nice to have you back.

STATEMENT OF MARY NICHOLS, ASSISTANT ADMINISTRATOR,
OFFICE OF AIR AND RADIATION, ENVIRONMENTAL PROTEC-
TION AGENCY

Ms. NicHOLS. Thank you, Mr. Chairman.

I'll try to summarize my testimony as well.

I'm delighted to be invited back this time to talk about the imple-
mentation efforts that are associated with the EPA’s proposed revi-
sions to the National Ambient Air Quality Standards for Particu-
late Matter and Ozone.

The history of the Clean Air Act over the past 26 years is one
that we can all be proud of, that of working to make progress con-
tinually and bringing down the levels of air pollution and to do it
at a time when our country has been growing both in population
and in our level of domestic/economic activity.

The Clinton administration views protecting health and the envi-
ronment as one of its highest priorities and we have prided our-
selves on protecting the most vulnerable among us, especially chil-
dren, from the harmful effects of pollution.

When it comes to the Clean Air Act, we take very seriously the
responsibility that Congress gave us to set air quality standards
that will protect public health with an adequate margin of safety,
recognizing the difficulties in making those decisions based on the
best science available.

As you well know, at this point, we have only proposed revisions
to the standards for these two important pollutants. We are in the
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process of very seriously considering all the public comments on
these proposals before making any final decisions. We've heard
from small businesses, industry, State and local governments,
other Federal agencies, and citizens, including individuals who
{1ave various forms of lung diseases, doctors, and the public at
arge.

While we have proposed specific levels for each pollutant, we've
also asked for comment on a wide range of alternative options. We
do not intend to make a final decision until we’ve carefully consid-
ered comments on all of those alternative options.

Throughout the history of the Act, the national standards have
been established based on an assessment of the science concerning
the effects of air pollution on public health and welfare. Costs of
meeting the standards and related impacts have never been consid-
ered in setting the national ambient air quality standards them-
selves and this has been true throughout six administrations and
14 Congresses and has been reviewed by the courts frequently. So
we have a body of common law, if you will, on this topic.

In choosing our proposed levels for the ozone and particulate
matter standards, EPA’s focus has been entirely on health risk, ex-
posure and damage to the environment. Sensitive populations such
as children, the elderly and those with asthma deserve to be pro-
tected from the harmful effects of these pollutants and, I think al-
most equally importantly, the American public deserves to know
whether the air in its cities and counties is safe or not.

That question ought not to be confused with the separate issues
of how long it may take or how much it may cost to reduce pollu-
tion to safe levels. However, if we do revise any air quality stand-
ard, it is both appropriate and indeed necessary to work with
States, local governments, and all other affected entities to develop
the most cost effective, common sense strategies and programs pos-
sible to meet those new standards.

Under the Clean Air Act, States have the primary responsibility
and discretion for devising and enforcing implementation plans to
meet the national standards. We are determined to work with
States and others to ensure a smooth transition from efforts to im-
plement the current standards to any efforts that may be needed
to implement new standards.

We haven’t waited until the final decision to begin doing just
that. By 1995, it had become apparent from the emerging body of
science that we might have to propose revisions to one or both of
these two standards, ozone and particulate, and that in order to
fulfill our obligations to develop a regional haze program, new tools
would be necessary.

At that time, we determined the best way to meet the goal of de-
veloping common sense implementation strategies was to bring in
experts from around the Nation to provide us with their advice and
insights. As a result, we've used the Federal Advisory Committee
Act to establish a Subcommittee on Ozone, Particulate Matter and
Regional Haze.

John Seitz, director of the Office of Air Quality, Planning and
Standards in my office co-chairs that committee along with Dr.
Krupnick who is here today. The subcommittee is composed of
about 75 official representatives from State and local government,



33

industry, small business, environmental groups, and other agen-
cies. It also includes five separate working groups with additional
members composed of another 100 or so representatives of these or
similar organizations.

The subcommittee and various groups have been meeting regu-
larly for over 18 months to address strategies for EPA and the
States to consider in implementing any revised standards. Indeed,
much of their work will be useful to us even if EPA were to make
the decision not to implement any revised standards because it’s
building on the work we’re already doing today.

The members from the various groups are putting forward posi-
tion papers with innovative ideas and it’s our belief that many im-
portant discussions are taking place. Basically, there are five im-
p%rtant questions this group is considering and I'll just tick them
off.

One is the issue of deadlines. What should the deadlines be for
meeting any new standards? Again, we assume there is an oppor-
tunity to either continue or to revise the system that was put in
place in the 1990 amendments for dealing with various classifica-
tions of areas.

What should be the size of an area that’s being defined as a non-
attainment area? Again, if there are revisions to the standards,
EPA has a responsibility to determine what areas are nonattain-
ment and to draw the boundaries. We know how contentious those
issues can be. We also know more than we did even at the time
the 1990 amendments passed about the issue of transport.

That leads to the next issue which is how do we actually address,
in a cost-effective manner, the problem that the pollutants that
form ozone and fine particles are transported hundreds of miles
and continue to operate in the atmosphere, to react in the atmos-
phere as they move into downwind areas.

What kinds of control strategies are most appropriate for the var-
ious nonattainment areas? Can we use the experience of the past
several years to help the States target those control strategies that
are the most effective.

Last, but obviously the most important of all, how can we pro-
mote market-based air pollution control strategies?

All of these kinds of issues relate to the basic reality that revi-
sion of the revised standards is going to need to focus on the major
emitters. We're talking about cars, trucks, buses, power plants and
fue{ls. Those are the major sources and tools that we have to work
with.

In some areas, as with the current standards, we're seeing that
reaching the standards will present substantial challenges. All the
programs we’re pursuing to meet the current standards for ozone
and particulate matter will be needed to meet any new and revised
standards as well.

Everything we’re doing today will be helpful in meeting any
tougher standards that may be adopted. For example, the sulfur di-
oxide reductions that are achieved in the acid rain programs will
greatly reduce levels of fine particles in the eastern United States.

Senator INHOFE. Ms. Nichols, we’re going to ask you to conclude
your opening statement. You’ve run over the time.

Ms. NicHOLS. I will. Thank you, sir.
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I'd just like to add that we've expanded the membership of the
committee in order to include more small businesses as well as
local governments in the interest of making sure that we have the
widest possible participation and the Administrator has stated her
intention to propose first steps in implementation at the time we
announce our final decision on any revisions to the ozone and par-
ticulate standards.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Ms. Nichols.

We have been joined by Senator Baucus. Do you have an opening
statement you’d like to make.

Senator BAucUs. Not at this time.

Senator INHOFE. The next witness is Mr. Paul Kerkhoven.

STATEMENT OF PAUL C. KERKHOVEN, DIRECTOR, ENVIRON-
MENTAL AFFAIRS, AMERICAN HIGHWAY USERS ALLIANCE

Mr. KERKHOVEN. Good morning, Mr. Chairman.

Thank you for the opportunity to be here this morning.

The transportation sector has played a major role in attaining
the air quality goals realized by many areas across the country. We
expect this role to continue.

Carbon monoxide emissions from highway vehicles have been re-
duced by one-third, while VOC emissions have been cut in half. To-
day’s cars have achieved at least a 95-percent reduction in tailpipe
emissions since 1960 and it takes 20 of today’s new cars to produce
as much tailpipe pollution as only one car did 30 years ago.

The reformulated gasoline for California is so effective, it’s like
taking 3.5 million cars off the road. That’s twice the number of ve-
hicles registered in the State of Oregon.

In spite of these accomplishments and future progress, the EPA
continues to advocate strict policies to control the growth of vehicle
miles traveled. The agency pursues this misplaced policy by enforc-
ing transportation control measures that discourage automobile use
and advocate higher funding for the congestion mitigation and air
quality programs to implement these measures.

Mr. Chairman, a fundamental individual freedom, the freedom of
mobility, is at stake whenever the Government proposes to restrict
the ability of Americans to choose where, when and how to travel.
There may be times when such restrictions are necessary but those
decisions should not be made by our elected representatives and
not by the subterfuge of a bureaucratic rulemaking procedure. Con-
straints on motor vehicle use and restriction of personal mobility
are a serious obstacle to economic growth and productivity in-
creases.

One of the Clean Air Act’s largest challenges are its conformity
determination requirements. The conformity provisions were de-
signed to ensure that transportation decisions made by State and
local governments in areas out of compliance with air quality
standards were consistent with the region’s plan to improve the air.
Failure to meet the conformity requirements by a State can lead
to withholding of Federal highway funds.

The implementation policy for the proposal states that the
present conformity determination process will continue until State
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implementation plans that address the new standard are approved
by the EPA.

We question whether the current model intensive conformity
process will still be meaningful with much larger nonattainment
areas. For example, to make a conformity determination in rural
areas will be a senseless and cumbersome exercise because in vir-
tually all cases, there are few, if any, transportation alternatives.

The proposal also will likely result in tighter emission budgets
and make conformity an even more challenging process.

The proposals do not address the cost effectiveness of the trans-
portation control measures and these may be the most costly ele-
ments of further emission reduction efforts. Similarly, the highway
funding sanctions could also affect larger areas.

I question whether the EPA intends to impose highway funding
sanctions on the 8-20 residual nonattainment areas in its partial
attainment scenario. Transportation is a big part of the economic
development equation. Projects to reduce congestion and expand ca-
pacity should be expedited, not burdened with new regulatory
hoops.

Congress established the Congestion Mitigation and Air Quality
Improvement Program, also known as CMAQ, in ISTEA primarily
to help State and local governments meet the cost of implementing
the transportation control measures. The Highway Users oppose
setting aside $1 billion of highway funds each year exclusively to
meet costs imposed on State and local governments by the Clean
Air Act. Those air quality improvement projects may or may not be
a top transportation priority in a given area.

The Highway Users support the efforts to eliminate separate
CMAQ funding category and we question EPA’s efforts to promote
it. We would make air quality and congestion mitigation projects
eligible for funding under a streamlined surface transportation pro-
gram.

As for the assertion that State transportation officials will not
implement transportation control measures in their plans, if they
do not have the specific setaside for them, we do not believe that.

Mr. Chairman, the 1990 Clean Air Act mandates that State
transportation officials give priority consideration to and provide
for the timely implementation of transportation control measures
in their clean air plans. It is not the CMAQ Program that drives
these requirements.

If attainment goals are not reached, the State faces highway
funding sanctions. There is no greater incentive. This is the stick
that forces each State and local official to craft transportation plans
which include the right mix of projects to reduce emissions.

The Administration’s new highway bill also addresses the CMAQ
issue and there are several provisions there that we support and
do not support. We do not support the hold harmless provision for
CMAQ funding, nor do we support the proposal that when a State
submits its SIP, the CMAQ funding increase is triggered. Both pro-
visions expand CMAQ funding at the expense of the more flexible
STP account.

If Congress chooses to retain a separate CMAQ account, we do
support the Administration’s proposal to fund two transportation
control measures that are listed in the Clean Air Act, but were ex-
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cluded from CMAQ funding eligibility in ISTEA. In addition, con-
gestion mitigation projects such as those that increase capacity for
single occupant vehicles in ozone and carbon monoxide nonattain-
ment areas should be eligible for CMAQ funds.

Mr. Chairman, in conclusion, our central points are as follows.
Current and emerging technologies will ensure the continuing de-
cline of mobile source emissions without the new air quality stand-
ards. We should not burden vast areas of the country with new reg-
ulatory hoops the proposed standards changes will create.

The transportation control measures needed to meet the new
standard could cause significant economic hardship and I would
like to echo comments of the U.S. Department of Transportation
that it will require lifestyle changes by a significant part of the
U.S. population.

Finally, the Clean Air Act gives transportation officials strong in-
centives to make air quality projects a top priority. We urge Con-
gress to give those officials a truly flexible STP program account
that will allow them to weigh all their transportation needs, includ-
ing air quality improvements, when establishing funding priorities.

Thank you.

Senator INHOFE. Thank you, Mr. Kerkhoven.

Mr. Cooper.

STATEMENT OF BENJAMIN Y. COOPER, SENIOR VICE
PRESIDENT, PRINTING INDUSTRIES OF AMERICA

Mr. COOPER. Thank you, Mr. Chairman.

We appreciate the opportunity to appear before you today. I'd
like to ask that the comments we make also be submitted in behalf
of the Small Business Legislative Council, a coalition of almost 100
trade associations of which I serve as chairman.

Senator INHOFE. Without objection.

Mr. CooPER. I would like to say in the beginning that I also
serve as a member of the Clean Air Act Advisory Committee and
have since its beginning. I'm also a member of the Subcommittee
on the Implementation of the New Proposed Standards. I have re-
cently been appointed to a small industry review team at EPA to
evaluate the impact of the standards on small business and other
small entities.

I'd like to say at the outset that while EPA has come under a
lot of criticism in these standards and will probably continue to, I
think it’s fair to acknowledge that EPA, particularly recently, has
done a great deal to reach out to the small business community
and to try to bring us in. While we would like for this to have oc-
curred earlier in the process, a great deal is being done now to
bring us in more fully.

I think it is also important to note that EPA has probably the
strongest small business ombudsman program of any Federal
agency and oversees a very strong State technical assistance pro-
gram in dealing with implementation issues in the Clean Air Act.
(Iithink it’s fair to acknowledge the positive work the agency has

one.

I'd also like to say from the outset that we wish the new stand-
ards would not be implemented. We don’t feel they are necessary.
Having said that, if the new standards are to be implemented,
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there are some areas we think are fairly critical, particularly in
dealing with small business.

First of all, we don’t believe the Clean Air Act has been fully im-
plemented and we don’t think we have even begun to see the full
positive effects of the implementation of the 1990 amendments.

I know in looking at it from just the printing industry alone, we
still do not have standards for the industry that are applied nation-
wide. There are many areas, technological issues, affecting the
printing industry that have not been addressed. This is true in a
number of small business sectors.

Second, we're quite concerned about EPA’s data base on which
it calculates the emissions from various industries. This is another
area where I have some sympathy with EPA. Frankly, the data
base is flawed. The data base that calculates emissions from var-
ious industries is based on permits; those permits are those of large
companies and industries such as ours.

The permits are not based on actual emissions, but in fact, based
on potential emissions and companies are virtually forced under
their hopes for growth of buying more emissions than they may ac-
tually have so that the data tends to skew the emissions informa-
tion a little higher than it is.

As I mentioned, one of the big problems in a lot of small business
industries is guidance isn’t available to the States. While it may be
nice to say that when you get down to the city or county level that
these people are working very effectively with small business, as a
practical matter, small business is treated as a group. It is sort of
a regulatory carpet bombing.

The regulations are sort of laid out there, small business is told
to reduce by 10 percent, but without the guidance necessary to tell
them how to do it. What this amounts to, in effect, is not so much
a reduction of emissions, but a collection of fees because each one
of these permits comes with a permit fee. So for many small busi-
nesses, they look at this as simply an environmental tax rather
than a program of actually reducing emissions.

We think the implementation plan that’s under discussion may
be superior to the current plan and we don’t know, we haven’t eval-
uated it fully, is going to be confusing to small business. As a na-
tive of Alabama, looking at this chart, if you're living in Gadsden,
AL, you don’t know which area of influence you’re in and you don’t
know which area of violation you’re contributing to. In fact, you
could end up with jurisdictions giving you direction from different
directions.

One of my main concerns in this program is that we have not
even addressed in the implementation strategy something Carol
Browner has put a great deal of her efforts into and that is multi-
media applications or alternative strategies for dealing with overall
pollution reduction.

We’re one of the common sense initiative sectors at EPA. We
think this clean air proposal ought to be run through those com-
mon sense sectors so that we can balance the media effects of dif-
ferent pollutants, not just air pollution.

EPA has a major program underway called ECOS which is deal-
ing with this same type of project. We think it’s a golden oppor-
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gunity for EPA to change the method of operation in dealing with
tates.

Finally, from a very parochial standpoint, the small business pro-
gram of the Clean Air Act, known as the 507 Program which we
were instrumental in getting included in the amendments to the
Act, has not been fully implemented.

If we go through with the implementation of this new standard
without adequate guidance at the State level for small business,
I'm concerned there will be chaos and I think we really need to ad-
dress those very critical issues before we move ahead.

Thank you very much, Mr. Chairman.

Senator INHOFE. Thank you.

Ms. Leyden.

STATEMENT OF PATRICIA LEYDEN, DEPUTY EXECUTIVE OFFI-
CER, SOUTH COAST AIR QUALITY MANAGEMENT DISTRICT

Ms. LEYDEN. Thank you, Mr. Chairman.

I too will speak informally from my comments that you have.

I regulate all of the largest industries, many medium and small
industries in the South Coast Air Basin, and I'd like to talk to you
today about the issues of implementation with the new standards.

I think it is especially germane for the Senate to look at what
types of sources will need to produce additional emission reduc-
tions, what kind of time will be allowed to meet those standards,
and how can we accomplish these objectives at the lowest possible
cost.

To that end, I'd like to tell you just a little bit about our mass
emissions trading program called Reclaim and then tie the discus-
sion of that program to the matter before you today, the consider-
ation of the new standards.

Reclaim is the largest multi-industry, mass emissions reduction
program in the United States. It covers nitric oxide and SOx emis-
sions; it regulates over 330 of the largest polluters in the South
Coast Air Basin. It covers industries as large and as diverse as re-
fineries, power plants, aerospace, hotels, cement kilns, metal melt-
ing and down to small businesses like hotels and even amusement
parks.

When our program went into effect in 1994, it replaced over 32
command and control rules. It gives businesses the opportunity to
select the lowest cost alternative to achieve their emission reduc-
tions. We're very pleased that the program is a success and has ex-
ceeded our expectations.

In the first 3 years of the program, the actual emissions from the
sources are a good one-third below their allocations. The cost in re-
ducing those emissions is almost half of what had been anticipated
under command and control regulations.

We have a vigorous trading market, a market that has exceeded
our expectations, with over $33 million in trades already having oc-
curred to support plant modifications and business expansion.

Reclaim works. It works in large part because it is dealing with
fuel combustion sources. Industries under the program very care-
fully report the actual emissions from the facilities. I think this is
important because careful monitoring and reporting makes the
emission reduction credits a blue chip investment in the market.
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It also is germane as the Senate considers the new standards be-
cause as you look at what works, and you look at how it applies
to large, medium and small-sized emissions fuel combustion
sources, I think that ties directly back to the new standards before
you.

I've written a lot of very tough command and control rules in my
career. I think for the sources that I've regulated, the trading pro-
grams really do offer a lower cost way to accomplish the objective.

In many parts of the country, the new standards will require
companies to meet emission limits currently in place in California.
As we've looked at the new standards, we believe the driving force
for additional reductions will not come so much from the ozone
standards, but from the small particulate standards.

We spent about 2 years and almost $1.5 million collecting small
particulate data. It drives us to the conclusion that additional emis-
sion reductions will come primarily from fuel burning sources. We’ll
be looking for additional NAAQS reductions, probably up to about
35 percent more than what we’ve seen to date.

We think our largest sources have really done their fair share
and as we look to who needs to come up with additional emission
reductions, we'll be talking in large part, first, about fuel burning
sources subject to Federal regulations—ships, trains, planes, inter-
state trucks, offroad construction and agricultural equipment.

We'll also be talking about sources that are considered small and
in many instances, have protected status currently under the Clean
Air Act. Emissions from sources like refrigerators, stoves, small in-
ternal combustion engines sound small but they aren’t when you're
talking about a huge metropolitan area. Today, in the South Coast
Basin, emissions from small internal combustion engines, less than
50 horse power, exceed the emissions of the largest power plant in
the basin.

A few conclusions quickly. South Coast Air District supports the
new standards. We have but one request—additional time to ac-
complish the objective. Our deadline under the current standards
is 2010. We believe additional years will be required to meet the
new standards.

Second, trading programs work. Trading programs will be an im-
portant component in achieving the new standards. For our pro-
gram to have been adopted, we needed the political commitment to
clean up dirty air, we needed a strong partnership with business
and the environmental community to develop the regulations. For
the new standards to work, the same will be true.

Thank you, Mr. Chairman.

Senator INHOFE. Thank you, Ms. Leyden.

Ms. Hartsock.

STATEMENT OF BEVERLY HARTSOCK, DEPUTY DIRECTOR,
POLICY & REGULATORY DEVELOPMENT, TEXAS NATURAL
RESOURCE CONSERVATION COMMISSION

Ms. HArRTSOCK. Thank you, Mr. Chairman.

My name is Beverly Hartsock and I'm pleased to be here today
representing the Texas Natural Resource Conservation Commission
to address the issue of implementation of the proposed new air
quality standards.
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From a State regulator standpoint, I think it’s important to rec-
ognize that just adopting a new standard does not result in im-
proved air quality. Programs must be developed to implement it
and that is what my agency is expected to do.

Implementation of any new air standard follows a series of steps.
Monitoring data must be gathered to determine if an area meets
the standard. For the new particulate matter standard, this will
mean installing and operating new monitors. Even phasing these
in over 3 years, as EPA has proposed, will cost Texas from $1.3
million next year up to almost $2 million in 2000. There will also
be additional monitors needed for ozone and its precursors since we
are likely to have new nonattainment areas and there is a need to
know more about transport levels in rural areas.

Next, we must inventory the sources of emissions in each of
these areas. New nonattainment area inventories will require us to
examine industrial and business process information and estimate
all population-based activities. Analysis of emissions and air qual-
ity data must then be performed using computer model simula-
tions.

This is a major undertaking as can be seen by the 2-year effort
and millions of dollars that have recently been spent in the OTAG
process, studying four high ozone episodes in the Midwest, North-
east, and Atlanta.

The computer analysis will yield an estimate of the level of emis-
sion reduction predicted to solve the problem. This reduction occurs
through implementation of new rules or program requirements de-
veloped by State and local agencies based upon available tech-
nology, cost effectiveness, and feasibility.

Traditionally, large industrial sources have been the focus of
these controls, but more and more, we’re having to focus on small-
er, individual contributors such as small businesses and cars since
collectively these are significant emissions sources.

Final decisions on new controls occur through a public participa-
tion process of meetings and hearings. The results, along with all
the supporting analyses, are compiled as a State implementation
plan which is submitted to EPA. Reductions actually occur as
sources come into compliance with the new requirements from one
to many years later depending upon the type of program.

States must continue to monitor air quality to measure actual
improvement compared to the modeled predicted benefits. Addi-
tional controls must be implemented if air quality goals aren’t
meant.

In my written comments, I provided a more thorough discussion
of the air quality planning process, the difficulties we have encoun-
tered, and the problems we see with implementing proposed new
standards.

In summary, there are five points I would like to leave with you.
First, my agency and the leadership of our State are on record as
supporting the retention of both the existing ozone and particulate
matter standards until the science to support any change is more
definitive.

The recently released studies of health effects of ozone estimate
fewer benefits from the proposed standard than previously thought.
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The particulate matter studies have raised as many questions as
they have provided answers.

Second, if new standards are adopted, extensive new work will
be needed to implement them and it appears likely that there will
be little additional funding from EPA. States do not need another
unfunded mandate.

Additional requirements without adequate funding will take
away from our ongoing effort to solve the more serious air pollution
problems that have already been identified.

Third, we should explore ways for air pollution planning to be a
part of a city’s urban planning whether or not new standards are
adopted that cause the city to be designated nonattainment. New
approaches should build on voluntary action programs such as
flexible attainment approaches and should provide incentives for
early planning, expanded monitoring and early reductions.

Fourth, adequate time should be provided to allow areas to plan,
implement controls and measure the results of those controls. The
5-year timeframes of the Clean Air Act allow for planning and im-
plementation, but fail to allow time to monitor results or to build
adequate data bases.

Our experience shows that 10 years is a more reasonable plan-
ning cycle and the more difficult air pollution problem areas will
take two or more planning cycles. Mid course corrections should be
included so that new information can be used to improve imprecise
predictions of growth and emissions changes.

Finally, adequate time must be provided to allow major emission
reducing trends such as those happening in the transportation sec-
tor to be significant contributors to attaining national air quality
goals. In order for the country to be able to afford all that is likely
to be required to meet all of our goals, we must allow time for mar-
ket forces and technological development to minimize costs of ac-
complishing the reductions and spread those costs over time.

Thank you for the opportunity to present these comments.

Senator INHOFE. Thank you, Ms. Hartsock.

We'll start with Dr. Krupnick since he’s been around the longest.

I notice and a lot of the people have testified on the previous
panel and also on this panel, and others may have a comment
about this too, you had mentioned the implementation, you identify
areas of the Clean Air Act that need to be invalidated and you pro-
vided a laundry list.

To do that, I think we pretty much would conclude we would
have to have a full scale rewriting of the Clean Air Act. Do you
agree or disagree with that?

Dr. KRUPNICK. I’'m not a lawyer, so I can’t make that judgment.
It just seems to me that there are certain aspects of this new world
that we’re looking at that are really up to Congress to address.

I think if Congress does not act, it’s my estimation that EPA is
willing to push that Act as far as they can push it to try to move
toward cost-effective implementation policies, but you could help
that process along a lot and save the country a lot of money by
maybe some surgical strikes into the Act.

Senator INHOFE. I guess what I'm getting to is every time this
comes up, I've asked myself the question, is it all that bad. There
are some very positive things that could come out of a rewriting
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such as cost-benefit analysis and some things I feel would be a very
helpful part of it.

Ms. Hartsock, I was listening to you and you covered pretty
much the cost but let’s go back and kind of put this in a timeframe.
Flirst?of all, in Texas, I assume you don’t have 2.5 monitors in
place?

Ms. HARTSOCK. No. We haven’t had any in place. In the month
of March, we just put the first six out.

Senator INHOFE. When could you start deploying? You've already
started deploying the monitoring network, is that right?

Ms. HARTSOCK. Yes, sir, but that is only in one city, Houston,
and we have several other major metropolitan areas where we need
to get out monitoring. That’s to be started over the next year.

Senator INHOFE. Let’s assume that is right, then if the EPA is
proposing the standard as a 3-year average, what year would you
have that data?

Ms. HARTSOCK. It would be 3 years from the time we started.
Our phase-in program is over 3 years, so the first areas, such as
Houston, we would have 3 years of data 3 years from now. The last
of the areas would be 6 years from now.

Senator INHOFE. So say by 1999, you’d have a lot of them out.
In 3 years, it would be 2002. After you get the data, what steps
are necessary to designate the nonattainment areas and how long
would that take?

Ms. HARTSOCK. There is a formal process, but in essence, I be-
lieve it’s within a year that we have to have the designations in
and then EPA has another year.

Senator INHOFE. Then you have 3 years after that for your State
implementation plan, so that would put us around 20067

Ms. HARTSOCK. Yes, sir, from that last date that you had.

Senator INHOFE. All right. When would you have attained the
standard, would it be 5 years after the designation which would
bring us to about 2008?

Ms. HARTSOCK. By that time, I think we’re looking at having the
initial round of controls in place, but as I indicated in my com-
ments, one of the things you have to do then is monitor what the
air quality looks like after those controls are in place.

Senator INHOFE. And I understand they allow one extension of
say up to 5 years. So we're talking about then perhaps the year
20137

Ms. HARTSOCK. Yes, sir.

Senator INHOFE. Every time I look at this, it seems to me it
makes sense to just go ahead and conduct the scientific tests first
and then collect the data before we set the standard. Someone
mentioned the other day it’s kind of like instead of ready, aim, fire,
it’s ready, fire, aim. Do you agree with that analogy?

Ms. HARTSOCK. Yes, sir.

Senator INHOFE. You mentioned unfunded mandates and this is
something I'm very sensitive to being a former mayor of a major
city for three terms. Our major problem wasn’t crime in the street,
it was unfunded mandates, but we passed a law that was supposed
to protect political subdivisions. You are a political subdivision,
ﬁou’t;e the State of Texas. Do you consider this an unfunded man-

ate’
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Ms. HARTSOCK. Yes. We do not see that additional funding is
going to be made available by EPA to handle the new costs that
we’ll be incurring.

Senator INHOFE. Mr. Cooper, Senator Sessions was here earlier
for the previous panel. We're all supposed to be going over there
for an executive session, so we’re going to be hoping to get through
in a timely fashion, but he was concerned also. He looked at that
map and that is something that would concern someone who is
from Alabama.

In your testimony, you state your industry disagrees with the
emissions estimates of the agency and it’s miscalculated for print-
ers and your industry. You also mentioned how the reductions are
generally targeted across the board.

Do you have any estimates or has the EPA estimated the burden
on your industry for implementation purposes?

Mr. CooOPER. There are some estimates on the emissions and I
think in fairness to EPA, I think you’d be able to agree these esti-
mates are the best they have to work with. We don’t have the esti-
mates of emissions in our industry and part of the problem is, the
science of air emissions on an individual site, an individual com-
pany, talking about monitoring data, is basically how you calculate
what goes on in a certain kind of operation. It is not an agreed to
formula. So any kind of estimation of emissions is guess work.

Senator INHOFE. You mentioned in your testimony that you’re on
the advisory board, right?

Mzr. COOPER. Yes, I am.

Senator INHOFE. And you have recommended changes. Is this one
of the changes that you might be referring to?

Mr. CooOPER. Yes. As Ms. Nichols mentioned, we now have a
larger group of small business folks on there. We are now meeting
as a separate group to come up with these recommendations as a
larger group of small businesses and how EPA can make some ad-
justments in these calculations.

Senator INHOFE. Mr. Kerkhoven, I'm also concerned about the
transportation end and we’re going to be considering ISTEA, the
Intermodal Transportation reauthorization and what does this map
do to you when you look at this?

Initially, correct me if I'm wrong, you were making your esti-
mates on those areas that would be the smaller, dark green dots
in the middle before we produced this map that shows two more
concentric circles?

Mr. KERKHOVEN. Correct. Senator, actually the NHS bill
addresses part of the conformity determinations, where conformity
determinations may be made in the nonattainment areas and if
were going to expand conformity determinations to areas of viola-
tion or areas of influence, it’s going to make it very, very difficult
for localities.

Senator INHOFE. It is my understanding, is it your understanding
also, that these areas outside of the dark green specified area
would not qualify for CMAQ funding?

Mr. KERKHOVEN. Correct.

Senator INHOFE. Senator Baucus.

Senator BAucus. Thank you, Mr. Chairman.
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I'll start with you, Ms. Nichols. What is EPA doing about ozone
trans?port either currently and/or under the new proposed regula-
tions?

Ms. NicHOLS. Senator Baucus, the issue of transport has been
around for many, many years and Congress actually gave EPA
some authority directly to take action to make sure that States
don’t interfere with attainment or maintenance of areas downwind.
The problem historically has been to get the data and to get action
taken can be a very lengthy, time-consuming process.

In the 1990 amendments, Congress actually created an Ozone
Transport Commission to cover the 13 New England, northeastern
States as far south as Virginia and including the District of Colum-
bia in recognition that we now know enough about how the air
moves around that region so that it was important that region get
together and plan and take some action as a group in order to
achieve the most cost effective reductions and to enable some of the
areas to be able to attain the standards.

As a result of the 1990 amendments and the need for attainment
plans, EPA convened a much larger group of States beyond the
ozone transport regions covering the entire area east of the Mis-
sissippi where we had evidence there was some degree of transport
and interference. The States themselves took on the task through
the environmental commissioners of the States to begin a planning
process, to do a great deal of modeling and analysis to try to get
a better handle on this issue.

We are expecting in June of this year that we will receive rec-
ommendations from the Ozone Transport Assessment Group as to
which States they feel need to take action in order to solve this
tra(llnsport issue for ozone. That’s all under the current ozone stand-
ard.

In looking at this map here which somewhat out of context looks
like an amoeba, it reflects the kind of conversations that some of
the experts in the Advisory Committee have been having about
how to deal with this issue, that there is transport, that States
have the primary responsibility but that there are some kinds of
cost-effective measures, as Dr. Krupnick mentioned, particularly
cap and trade programs that can be implemented on a broader
level if the States agree to do it.

There may be, indeed, a necessity on the part of some States to
be doing some kinds of controls to help out their downwind neigh-
bors if they really are making a substantial contribution. So these
kinds of lines are designed to help people think about where you
would want to have regional partnerships and the States getting
together to at least try to plan together and possibly agree on some
control strategies.

There is no consensus, at this point, on any of this stuff but there
is particularly no consensus on what the area of influence might
have to do. It would be up to the States that we’re in an area of
influence if one of them gets established to decide for themselves
what the measures would be.

Certainly an area of influence is not the same thing as a non-
attainment area. A nonattainment area is an area where you actu-
ally have violations of the standard, so some of the concerns that
Mr. Kerkhoven mentions I think are frankly off the mark.
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Senator BAUCUS. What you're saying though is that there’s room
under the proposed standards, to cap or trade or work out various
arrangements to deal with transport?

Ms. NicHOLS. Yes.

Senator BAucUS. You still think that is possible?

Ms. NicHOLS. I think it’s possible. It’s difficult.

Senator BAucUS. And probably even necessary?

Ms. NicHOLS. But it will be necessary if the transport issue is
going to be solved, yes, sir.

Senator BAucuUS. A general question I had for anybody who has
problems with these regulations or proposed regulations, first of
all, PMio, it’s my understanding that CASAC, the independent sci-
entific peer review committee decided overwhelmingly that a new
standard should be set. It didn’t say what the standard should be,
but did say a standard should be set. I think the vote was 19-2.

I wonder if anyone has any problems with that or disagrees with
that conclusion of CASAC and why?

[No response.]

Eg)enator Baucus. So everyone agrees a new standard should be
set?

Ms. HARTSOCK. I don’t know that I can speak for the others. 1
wouldn’t indicate that I'm an expert on the standard in any way.
The primary focus of the comments we had would be if there is
going to be a new standard, what would be the steps necessary in
implementation and what do we see as the problems there. I don’t
know that I'm really prepared to answer that.

Senator Baucus. CASAC did say, especially with respect to
PM.s, that a standard should be set. I think there are 15,000 pre-
mature deaths annually as a consequence of occurrence of particu-
lates and that was the reason that the CASAC Commission decided
that a new PM; s standard should be set.

It did not address the question of what the standard should be,
but based upon that amount of premature deaths annually, it
reached that conclusion. The vote was 19-2 as I recall.

Ms. Leyden, you’ve heard some complaints about this and yet
you say you favor the proposed regulations.

Ms. LEYDEN. Yes.

Senator BAucuUs. What would you say in answer to some of the
other witnesses that had some problems with these proposed regu-
lations?

Ms. LEYDEN. Well, I guess from my vantage point, I've spent al-
most the last decade looking at how to reduce pollution and tailor-
ing regulations to assess things like cost effectiveness, looking at
what new technology can do. We've made phenomenal progress in
the South Coast Air Basin and I see no reason at all not to first
protect the public health and provide adequate time to get there.

I really believe for us, as I said in my comments, it will be addi-
tional NAAQS reductions, that will be needed to hit the 2.5 stand-
ard. It’s the right thing to do and we can get those additional
NAAQS reductions by focusing on sources that have yet to reduce
their emissions to the same level as some of our largest industries
have reduced them.

S%nator Baucus. Mr. Chairman, if I might have one more ques-
tion?
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Senator INHOFE. Sure.

Senator BAucuUs. The vast amount of research on the question of
whether the Clean Air Act benefits outweigh costs is overwhelm-
ingly conclusive. That is in the affirmative by a factor of many
times. All the studies on the Clean Air Act generally have reached
the conclusion by a huge factor that the benefits of the Clean Air
Act outweigh the cost of the Clean Air Act.

Yet, we also run into the problem of the tyranny of the majority,
the tyranny of averages because some provisions of the Act may
have disproportionate effects on some people or individuals com-
pared to some others.

I think most of us are concerned about small business, that the
cost on a particular small business person might be disproportion-
ately greater than on a large enterprise.

Ms. Nichols, we heard Mr. Cooper say that perhaps the EPA
could do a better job in implementing section 507 of the Clean Air
Act, particularly with respect to small business. I think all of us
in Congress are very sensitive to the unique characteristic of small
business.

So on the aggregate, benefits vastly exceed the costs, we don’t
know if that is the case with respect to the new regulations, but
we do know that is the case generally with the Act.

What are you doing at EPA to address the concerns of the small
businessmen?

Ms. NIcHOLS. Senator, we have a number of measures underway
to do a better job of listening to and working with small business.
I think in our programs implementing Title III of the Clean Air
Act, the Toxics Program, we've had some of our best successes sit-
ting down industry by industry as a group developing the data base
jointly and coming up with regulations that can be met even when
a particular sector 1s characterized by a great number of small
businesses.

I would have to say as a resident of the South Coast Air Basin
in my past and somebody who worked with Ms. Leyden and others
on some of these programs, we have learned from the experience
of the South Coast which has had to go further in terms of regulat-
ing small businesses because the problems were more severe and
have found that in many situations, we were not doing as good a
job as we should have of outreach.

Particularly on the enforcement side, some of the mechanisms
that were being used to communicate and enforce against small
businesses just weren’t effective, that you needed to find ways to
get the industry to help us to communicate what requirements
were going to be.

One of my favorite examples is one where we worked with a par-
ticular industry to develop a standard and then helped them to de-
velop a workbook that could be distributed to all of their individual
members. It’s kind of like a desk reference manual so that the per-
son who is actually running one of these particular facilities can
look up what the requirements are in plain English and not have
to hire an engineer or a specific environmental person in order to
help them run their business.

Those are the kind of practical realities that you have to deal
with when you're actually working with small companies and try-
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ing to get compliance and recognizing that they want to comply but
oftentimes an assistance approach is what is needed.

EPA has funded the development of a number of small business
compliance assistance centers for that reason. The Clean Air Act
really led the way in that regard because of 507. We've worked
with the State small business ombudspeople that were required to
be created to help make them be more effective in carrying out
these responsibilities.

There is no doubt we could do better at this and I think Mr. Coo-
per and others have given us some ideas as we move forward with
this implementation committee as to how to bring in the small
business community and really address their concerns earlier in
the process.

Senator BAucus. Mr. Chairman, if you don’t mind, if I might ask
Mr. Cooper what more can be done to help address small business
concerns?

Mr. CoOPER. I can’t tell you how happy I am you asked that
question. Let me tell you the core of the problem and maybe some
in the small business community would not appreciate my saying
this but by and large, small business people are fairly limited in
their options of what they can do. The thing I hear more than any-
thing is just tell us what we have to do and we’ll do it.

What that cries out for is very good guidance that isn’t left sub-
ject to an engineer in Cleveland may be different engineer in Louis-
ville, so you have guidance that is fairly clear-cut. Then you have
to have the people available to answer the phone because there’s
a lot of fear out there. That’s what the ombudsman program has
provided.

The core of the problem with the ombudsman program is that it
is funded out of permit fees and when you get down to the State
level, Texas has one of the strongest ombudsman programs in the
country and I think their funding is over $1 million for that pro-
gram which is about 10 times what it is in most States.

If you're in a State and you’re competing for dollars with the en-
forcement people and you’re in technical assistance, you're going to
lose. So what I would love to see is this committee to go over to
the Appropriations Committee and set aside some funds to bolster
the 507 Program. Without it, that program will die. There are a
number of States that have cut back their programs already.

I am very concerned that when this new standard comes out, if
these programs aren’t in place, that’s when the realities are going
to hit and it is going to be a mess.

Senator BAucUS. Thank you very much, Mr. Chairman, for your
indulgence.

Senator INHOFE. Thank you, Senator Baucus.

Let me clarify one thing. You weren’t here during the first panel
and this whole idea on the 15,000 premature deaths is assuming
causation. It’s my understanding from the testimony of many of
them that science has not been prepared to assume causation in
that case in terms of the 15,000 premature deaths.

Senator Baucus. I don’t know the number but I do know the
overwhelming conclusion of CASAC is based upon the data and the
number of deaths and they reached a conclusion 19-2 that a stand-
ard should be set.
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Senator INHOFE. Then I have two more questions. I didn’t quite
use all my time and this is going to be very, very difficult for you,
Ms. Nichols, because I'm going to ask you a question and I want
one word for the answer and that answer would either be yes or
no.
Senator Baucus talks about the fact that the benefits have out-
We(ighed the costs. I believe he was referring to the previous stand-
ards.

Under the proposed standards, I understand there is a regulatory
impact analysis that came to the conclusion that the costs out-
weighed the benefits for ozone. Is that correct?

Ms. NicHOLS. No.

Senator INHOFE. OK. I will produce that report and we’ll take
that up at our next meeting.

One last question for Ms. Leyden. In your written testimony, al-
though you didn’t say it in your verbal testimony, you talked about
additional reductions were needed to come from diesel sources such
as planes, interstate trucks, agricultural equipment and so forth.
For the purposes of classification, do you classify jet fuel as diesel?

Ms. LEYDEN. Yes, I would consider that a heavier fuel. It would
be in that same category.

Senator INHOFE. That classification has been used by the EPA?

Ms. LEYDEN. My focus is on the heavier fuel type, sir.

Senator INHOFE. You had said youre getting cooperation from
some of the large contributors and I'm glad to hear that. You said
in addition, small internal combustion engines together emit more
than the largest power plant in your area. Can you give me a cou-
ple of examples of small combustion engines?

Ms. LEYDEN. Small combustion engines would be anything less
than 50 horsepower. They are protected under the Federal Clean
Air Act and have an emissions standard that represents technology
that today is 10 years old.

Senator INHOFE. Would that be either two cycle or four cycle?

Ms. LEYDEN. They’d be two cycle. We estimate, based on sales of
equipment and fuel consumption, that emissions from that source
category represents about 17 tons a day of nitric oxide emissions
going into our air. That is almost four times greater than the emis-
sions from the largest power plant in the basin.

Senator INHOFE. I’'m going to end with a request, Ms. Nichols. On
this issue of jet fuel being considered for your purposes the same
as diesel, I spent 40 years in that field and I think I'd like to have
you at least look and reevaluate that because I think you’ll find it
is a much cleaner burning fuel and I was not aware that you threw
all those in together.

Maybe you don’t, but if you could let me know on that, I'd appre-
ciate it very much.

Ms. NicHOLS. I'll be happy to find out.

Senator INHOFE. Senator Baucus, do you have any last ques-
tions?

Senator BAucus. No.

Senator INHOFE. I appreciate the panel coming very much. We
had said we were going to end right at 12 o’clock. We will have to
do 1that because we’re having an executive session over in the Cap-
itol.
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Thank you very much for coming and for the time you've taken

to come here and testify.
[Whereupon, at 12:05 p.m., the subcommittee was adjourned, to

reconvene at the call of the chair.]

PREPARED STATEMENT OF KENNETH W. CHILTON, DIRECTOR, CENTER FOR THE STUDY
OF AMERICAN BUSINESS, WASHINGTON UNIVERSITY

I wish to thank the Senate Subcommittee on Clean Air and Wetlands for the op-
portunity to testify on the proposed national ambient air quality standards for ozone
and particulate matter.

I have researched clean air issues for over a decade and a half. I am the director
of the Center for the Study of American Business, a 501(c)(3) non-partisan, not-for-
profit public policy research organization at Washington University in St. Louis.
These are my personal comments and do not necessarily reflect the views of the
Center for the Study of American Business or Washington University.

I would like to address several of the most important public health questions in
the NAAQS debate. I will also speak about some very basic issues regarding the pri-
mary objective of the Clean Air Act.

THE SCIENCE ON OZONE

The scientific evidence on the health effects of ozone is rather extensive. Ozone
has been demonstrated to cause undesirable physical effects in some individuals.
The effects include coughing, wheezing, tightness in the chest and reduced lung
function—less volume of air exchanged with each breath. Based on EPA’s estimate
of the relationship between changes in forced expiratory volume (FEV) and various
combinations of exercise levels and ozone concentrations, typical subjects experience
less than a 5 percent loss in lung function even at the highest ozone levels recorded
in the United States in 1996 (about twice the current standard).! (See Figure 1.)
Medical experts do not consider lung function decrements of 10 percent, or less, an
adverse health effect. The primary concern, however, is for ozone’s effects on
asthmatics or others especially sensitive to a combination of high ozone levels and

moderate to heavy exercise.
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No one should minimize the trauma that a severe attack of asthma causes the
asthmatic or his or her loved ones. The EPA staff report, however, estimates that
for each one million persons exposed, we can expect just one to three more summer-
time respiratory hospital admissions a day for each 100 parts per billion increase
in ozone levels.2 This is a very low incidence rate and a very high elevation in ozone
levels. In a city of one million people, one to three added respiratory hospital admis-
sions would be virtually undetectable. Such days would also be very rare even in
cities with persistent ozone air quality problems.

EPA has recently modified its risk assessments for ozone, resulting in less public
health benefits expected from the proposed NAAQS. For example, the new risk as-
sessment projects that attainment of the proposed standard would lower New York
City asthmatic hospital admissions caused by ozone to 109 per year, from 139 under
the current standard.3 That is a reduction of 30 hospital admissions, or one tenth
of 1 percent of the 28,000 yearly asthmatic admissions. The previous estimate, con-
tained in the Staff Paper, was that the standard would reduce yearly admissions
by about 90.4

The revised risk assessments, which were conducted for nine urban areas, lower
the expected benefit of the proposed standard in terms of other health effects, as
well, especially for children playing out of doors. For example, EPA had previously
expected 600,000 fewer occurrences of decreased lung function (instances where the
amount of air that can be rapidly exhaled in 1 second decline by more than 15 per-
cent) in children, but now projects just 282,000 such incidences. Anticipated im-
provements in episodes of moderate to severe chest pain in children were revised
downward from 101,000 to 53,000, and the estimate for prevented cases of moderate
to severe cough in children was lowered from 31,000 to 10,000.5

EPA’s NAAQS proposal is based on the previous risk assessments. Because the
revisions are large (reducing the expected benefit by half or more for several health
effects), the wisdom of the proposed tighter standard is further called into question.

It is important to point out that, thus far, ozone has not been shown to cause pre-
mature mortality. The upper bound benefit estimate of $1.5 billion in EPA’s Regu-
latory Impact Analysis of ozone, however, results almost entirely from the assump-
tion that the proposed standard would save lives. This claim is unsubstantiated.

I also would like to note that a separate secondary standard to protect plants and
buildings hardly seems justified. First, ozone concentration data for rural areas is
very limited. Second, incremental cost and benefit estimates for meeting the pro-
posed SUMO06 secondary standard versus meeting the current 0.12 ppm goal have
not been included in the agency’s Regulatory Impact Analysis. Surely, we do not
need to focus substantial financial and human resources preparing implementation
plans to protect primarily commercial crops with no idea whether the hypothetical
benefits outweigh the costs.

THE SCIENCE ON FINE PARTICULATES

Unlike the science on ozone’s health effects, the science for fine particulates is not
very developed and, thus, is plagued with uncertainties. EPA makes the claim that
full attainment of the new fine particulate standard would result in between $69
billion and $144 billion worth of health benefits.6 These predictions of extraordinary
health benefits derive from estimates of reduced mortality from meeting a new fine
particle standard. Whether the expected number of lives prolonged is 20,000, as
stated by Administrator Browner when she testified before this subcommittee in
February, or 15,000 as most recently predicted, or zero is hard to say given the pau-
city of scientific data supporting these projections.

The mortality improvements expected from reduced levels of fine particles are
based not on thousands or even hundreds of studies, as the agency casually infers,
but, in essence, from just two studies. These studies purport to show an association
between PM,s levels and death due to cardiovascular and pulmonary causes to-
gether and also a link between PM, 5 and death.? It is curious, to say the least, that
the statistical link that has been demonstrated is between fine particles and
cardiopulmonary deaths, and not deaths due to respiratory disease or lung cancer
alone.®

Perhaps it shouldn’t be totally surprising that a fine particle-mortality link has
not been demonstrated where one might expect, because medical science has not yet
discovered a biologically plausible mechanism to explain how fine particulates cause
any deaths. Without knowing more about the mechanism through which particu-
lates might affect human health, the observed association between premature mor-
tality and fine particles cannot be considered tantamount to a cause-and-effect rela-
tionship.



51

An additional scientific uncertainty with regard to these studies results from the
problem of confounding. Confounding is a situation in which an observed association
between an exposure and a health effect is influenced by other variables that also
are associated with the exposure and affect the onset of the health effect. A variety
of factors such as temperature, humidity, or the existence of other air pollutants
may cause mortality rates to rise and fall with, and thus appear to be caused by,
fine particulate concentrations.?

Also, before regulating air pollutants simply on a basis of size, more research is
needed to try to identify which components, if any, of fine particulate matter are
producing the observed association—ultrafine particles, nitrates, sulfates, metals,
volatile (or “transient”) particles, and so forth. We know very little about transient
particles, which form and disappear quickly, and, therefore, go undetected by filter
monitors.

Lack of air quality data for PM.s is another serious problem. EPA Administrator
Browner testified that there are 51 PM,s monitors collecting air quality data at
present.10 The inference was that this is a large number; it is not. For example, in
1995 there were 972 monitors measuring ozone levels and 1,737 that collected data
on PM;0.11 For EPA to derive mortality estimates, PM,s concentrations had to be
projected for many cities where monitoring data do not exist.

Administrator Browner says the scientific evidence establishing the need for a
fine-particle standard is “compelling.” I respectfully disagree. A convincing case for
a new fine-particle standard has not been made.

Epidemiological evidence is scant and indicates an association, not a cause-and-
effect relationship. A toxicological explanation for the observed mortality and fine
particle link has not been established. Exposure data are lacking due to the small
number of monitors and this lack of data raises questions about the epidemiological
studies. Setting a separate PM,s standard at this time could be another case of
“ready, fire, aim,” as former EPA Administrator William Reilly once described past
quick responses to perceived environmental problems.

Let me shift gears and raise a more fundamental issue that thus far has been
missing in the debate over the proposed ozone and particulate air quality standards.
The Clean Air Scientific Advisory Committee hinted at this problem but perhaps its
language was a bit too obtuse.

THE CLEAN AIR ACT’S FLAWED GOAL

As the members of this subcommittee are well aware, the Clean Air Act calls on
the Environmental Protection Agency to establish and enforce air quality standards
that protect public health with an adequate margin of safety. It proscribes the con-
sideration of economic factors in this process. Economics may come into play only
at the implementation phase.

This is a very high-minded objective. Who but a Philistine could disagree with it?

Well, nearly any economist might. In a world of scarce resources (the real world),
people have to be concerned about balancing incremental benefits with incremental
costs. Spending more on one activity than it brings about in added benefits means
that resources aren’t available to spend on other desirable activities that could
produce more benefits than their costs.

Theoretically, it might still be possible to protect public health with an adequate
margin of safety and spend resources wisely, provided that the health-based stand-
ard can be set at a level where added health benefits equal or exceed added costs.
Unfortunately, two factors are conspiring against this happy state.

First of all, all health effects from air pollution can’t be eliminated, at least not
for ozone. Physical responses to ozone can be demonstrated at background levels—
levels produced by natural processes. This is what the Clean Air Scientific Advisory
Committee (CASAC) was trying to get across in its closure letter to Administrator
Browner when it wrote:

The Panel felt that the weight of the health effects evidence indicates that
there is no threshold concentration for the onset of biological responses due to
exposure to ozone above background concentrations. Based on information now
available, it appears that ozone may elicit a continuum of biological responses
down to background concentrations. This means that the paradigm of selecting
a standard at the lowest-observable-effects-level and then providing an “ade-
quate margin of safety” is no longer possible.12

In plain English, the prime directive of the Clean Air Act is “mission impossible,”
at least for ozone. Taken literally, the standard would have to be set at a level pro-
duced by natural emissions of ozone precursors. The cost of such an effort is incal-
culable and the goal unattainable.
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Second, the point where incremental costs equal benefits was crossed with respect
to ozone with the passage of the 1990 Clean Air Act Amendments. The standard
we are currently trying to meet is costing between $4 and $28 to produce $1 worth
of benefits.13 A more restrictive standard, such as the one proposed, has to be an
even worse tradeoff. Cost estimates from private economists and at the Council of
Economic Advisers confirm this expectation.

The Agency has presented some very modest figures for both benefits and costs
in its Regulatory Impact Analysis (RIA). While the ozone standard being proposed
was not specifically addressed in the RIA, its benefits should be bounded between
$0 and $1.5 billion and its costs between $600 million and $2.5 billion, according
to the impact analysis.’* This figure most likely represents only a small fraction of
the real cost of full attainment, for a variety of reasons. For example, full costs of
attainment were calculated for only one to three cities.

Other estimates of costs and benefits are quite different, particularly on the cost
side. Economist Susan Dudley predicts that full attainment of the current ozone
standard will cost between $22 billion and $53 billion a year. The proposed standard
would add an additional $54 billion to $328 billion to the price tag, according to Dr.
Dudley.15 Council of Economic Advisers member Alicia Munnell has projected added
costs for meeting the new ozone standard of $60 billion a year.16

EPA’s Regulatory Impact Analysis for the fine particulate standard estimates an
annual cost of $6 billion for partial attainment. Like EPA’s cost estimate for the
ozone standard, this figure is most likely far too low.17 EPA truncates costs at $1
billion per microgram (ug) of fine particle reduction, although most areas would
incur costs to lower particulates that are much higher than this cutoff figure.

A sensitivity analysis performed for two cities, Denver and Philadelphia, dem-
onstrates how quickly marginal cost rises above EPA’s $1 billion/ug cutoff. In Phila-
delphia, the $1 billion/ug cutoff would result in a 20 percent reduction in PMzs con-
centration from the 2007 baseline. An additional 1 percent reduction would result
from a $2 billion/pg cutoff, but the cost would double. The RIA reports similar re-
sults for Denver.18

RECOMMENDATIONS

EPA is not required to tighten the ozone standard or to create a new PM;s
NAAQS. In the case of ozone, there is little evidence that a tighter standard will
be more protective of those who are considered the sensitive population. For particu-
lates, the science is not adequate to warrant a new PM,s standard. Certainly,
CASAC members were of quite divergent opinions on how to set a PM>s standard.
In her testimony, Administrator Browner made much ado about the fact that there
was a consensus among CASAC members that a new PM,s NAAQS be established.
It is also true, however, that there was “no consensus on the level, averaging time,
or form” of the standard.1®

Indeed, on February 5, the chair of CASAC shared with this subcommittee just
how tepid the support for the proposed fine particle standard was. Only two mem-
bers of the 21-member CASAC endorsed a range for an annual PM,s standard as
strict as 15 pg/m3 to 20 pg/m3, yet EPA has proposed an annual limit of 15 pg/m3.
Eight of the members did not support any annual PM,s standard.20 (See Table 1.)

Given the rather poor state of atmospheric and medical scientific knowledge of
fine particles, it is difficult to see how setting a standard at this time will produce
meaningful health benefits. Rather than press forward with a tighter air quality
standard for ozone and a new standard for fine particles, EPA should appeal to Con-
gress and The White House to revisit the Clean Air Act.

Two basic reforms are required. First the fundamental objective of the Act needs
to be changed from “protecting the public health with an adequate margin of safety”
to “protecting the public against unreasonable risk of important adverse health ef-
fects.” Second, benefit-cost analyses should be required, not proscribed, when setting
air quality standards.

The American people expect their elected officials to protect them from air pollu-
tion that might significantly impair their health. They do not expect, however, that
the costs of this protection will be so out of proportion to benefits that other desir-
able outcomes are forgone because economic resources have been applied too gener-
ously to this task.
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Table 1.—Summary of CASAC Panel Members Recommendations for an Annual PM2 5 Standard
(all units pg/m3)

Name Discipline PM2.s Annual

Ayres M.D. yes2
Hopke Atmospheric SCIentist ... 20-30
Jacobson Plant Biologist yes2
Koutrakis Atmospheric SCIentist ... yes23.4
Larntz Statistician 25-305
Legge Plant Biologist no
Lippmann Health Expert 15-20
Mauderly Toxicologist 20
McClellan Toxicologist noé
Menzel Toxicologist no
Middleton Atmostpheric Scientist ... yes2:3
Pierson Atmospheric Scientist 3
Price Atmospheric Scientist/State Official yes8
Shy Epidemiologist
Samet? Epidemiologist
Seigneur Atmospheric Scientist
Speizert Epidemiologist
Stolwijk Epidemiologist
Utell M.D.
White Atmospheric Scientist
Wolff Atmospheric Scientist
EPA Staff

NorTEs:

1Not present at meeting; recommendations based on written comments

2Declined to select a value or range

3Concerned upper range is too low based on national PM2.s/PM1o ratio

4Leans toward high end of staff recommended range

SDesires equivalent stringency as present PMio standards
. 6|f EPA decides a PMz.s NAAQS is required, the 24-hour and annual standards should be 75 and 25 pg/m3, respectively with a robust
orm

7Yes, but decision not based on epidemiological studies

8low end of EPA's proposed range is inappropriate; desires levels selected to include areas for which there is broad public and technical
agreement that they have PM2.s pollution problems

. l;?ﬂlltrce: CASAC Closure Letter on the Staff Paper for Particulate Matter, June 13, 1996, docketed as EPA-SAB-CASAC—LTR-96-008,
able 1.
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TESTIMONY OF THOMAS B. STARR, PH.D. AND PRINCIPAL, ENVIRON
INTERNATIONAL CORPORATION

Good morning. I very much appreciate the opportunity to testify before this Sen-
ate Subcommittee regarding the U.S. Environmental Protection Agency’s (EPA) pro-
posed new standards for particulate matter.

My name is Thomas B. Starr. I am a Principal with ENVIRON International Cor-
poration, a consulting firm headquartered in Arlington, Virginia, that specializes in
health and environmental science issues related to chemical exposures, pharma-
ceuticals, medical devices, and food products, pesticides, and contaminants. My own
consulting activities focus on the development and use of effective methods for incor-
porating scientific knowledge of toxic mechanisms into the quantitative risk assess-
ment process. A brief biographical sketch is attached (Appendix A).

The comments I offer today are drawn principally from two separate consulting
projects in which we have performed a critical examination of the scientific evidence
for potentially causal associations between particulate matter (PM) exposure and
adverse human health effects. In the first project, undertaken on behalf of the
American Petroleum Institute, three world-renowned epidemiologists, Drs. Raymond
Greenberg, Provost and Vice-President for Academic Affairs, Medical University of
South Carolina, Jack Mandel, Chairman, Department of Environmental and Occu-
pational Health, School of Public Health, University of Minnesota, and Harris
Pastides, Chairman, Department of Epidemiology and Biostatistics, from the School
of Public Health at the University of Massachusetts, were brought together as an
Expert Panel to independently and objectively assess the quality of the epidemio-
logic evidence for associations between PM exposure and increased human morbidity
and mortality.

In the second project, undertaken on behalf of Kennecott Corporation, an ENVI-
RON colleague, Dr. Larisa Rudenko, and I also evaluated the case for such causal
associations, and, in addition, assessed the credibility of health benefits that EPA
has projected would accrue from implementation of the proposed new PM standards.

The final reports from these projects were submitted to EPA and are included
along with my oral testimony for your information. My remarks today briefly sum-
marize their findings; I refer you to the full reports for additional details.

First, the issue of causality, or whether the effects observed are truly caused by
the exposure to PM, specifically PM,s, or some other component of air pollution or
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lifestyle. In assessing whether the results from epidemiologic studies support the ex-
istence of a causal relationship between exposure and disease, criteria developed ini-
tially by Bradford Hill (1965) are often applied. These include the strength, consist-
ency, coherence, specificity, and temporality of the reported association. Although
not explicitly stated, a presumption exists that the validity of the association has
been established prior to consideration of these criteria. What this means is that
the estimates of the association’s strength have been shown to be free of significant
biases and not significantly confounded. The Expert Panel of epidemiologists and
our independent review both concluded that the studies of PM and disease do not
satisfy these conditions; they have inadequately addressed potential biases and they
have failed to resolve satisfactorily the issue of confounding.

Even if the issue of validity were to be set aside, the Hill criteria would not be
met. The reported associations are extremely weak and vacillate between positive
and negative based on the specific regression model that has been used to character-
ize the dose-response relationship; as copollutants are introduced into the analyses,
apparently positive associations attenuate in strength, often to non-significance. In-
deed, based on the criterion of strength of association, it is difficult to imagine a
weaker case for causality than that posed by the data on PM and mortality or mor-
bidity.

Furthermore, the results of the studies are not actually as consistent as they
might at first appear. For example, different exposure measures (e.g., mean daily
level, maximum daily level, or some lagged estimate) have been associated with dif-
ferent endpoints (e.g., respiratory diseases, cardiovascular diseases, or total deaths).
Also, temporal relationships between exposure variables and disease occurrence are
not the same across studies, with lag times varying from concurrent day to several
days earlier.

In addition, a critically important component of coherence, namely, dose-response,
is, at best, weakly established in only a few studies. In virtually all of the epidemio-
logic studies of PM, exposure levels have not been not based on personal dosimetry,
but rather on stationary samplers located in specific geographic areas. Individual
subjects were thus assigned “community-wide” measures of exposure, rather than
individual measures. The lack of personal exposure measures limits the ability to
conclude that any individual death is linked to air pollution per se. In fact, there
is a large body of data indicating that community sampler measurements rarely pro-
vide good estimates of individual exposures.

Even if a causal association were in fact to exist between PM exposure and dis-
ease occurrence at the individual level, such “ecological” exposure estimates would
likely misrepresent the association’s true strength. Equally important, the shape of
the underlying dose-response relationship would also likely be significantly distorted
by ecologic analyses, with sharp threshold-like curves being smoothed into more
nearly linear curves by exposure misclassification.

Another major challenge to the case for causality relates to the nature of PM ex-
posure, which invariably occurs in combination with exposure to other air pollutants
such as ozone, carbon monoxide, SO2, H>SO4, metals, and volatile organics. Because
this mixture’s composition varies according to source, season, time of day, weather
conditions, and geographic region, and because PM is itself a complex and highly
variable mixture, it has been virtually impossible to disentangle the potential ad-
verse health effects of PM, or a specific PM fraction, such as PMzs, from those po-
tentially attributable to other confounding copollutants.

The question of whether the coarse and/or fine particulate components of air pol-
lution are causally related to adverse human health effects is one of great impor-
tance. If there is a causal relationship, identification and establishment of a safe
and acceptable level of ambient particulate matter will be a decision with enormous
consequences. However, the severe methodological limitations of existing studies
prevent a conclusive judgment about the causality of associations between PM expo-
sure and adverse health effects at the present time. EPA’s proposal for new PM
standards is premature.

There is an obvious need for new epidemiologic studies that collect data at the
individual subject level. Carefully designed case-control studies can also be effective.
It is especially important that future study designs be related to clearly articulated
theories about the specific mechanistic pathways through which particulate air pol-
lution may affect human health. To serve as a basis for regulatory decisionmaking,
future epidemiologic studies will be most useful if they inform us about the specific
manner in which individual air pollution constituents might affect human health.
The current epidemiologic literature falls well short of this goal.

The stated purpose for USEPA’s proposed new PM standards is to:
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«

. . . provide increased protection against a wide range of PM-related health
effects, including premature mortality and increased hospital admissions and
emergency room visits (primarily in the elderly and individuals with
cardiopulmonary disease); increased respiratory symptoms and disease (in chil-
dren and individuals with cardiopulmonary disease such as asthma); decreased
lung function (particularly in children and individuals with asthma); and alter-
ations in lung tissue and structure and in respiratory tract defense mecha-
nisms.” (Fed Reg 61:65638)

How confident can we be that the proposed new PM standards will in fact lead
to increased human health protection? The quantitative risk assessment conducted
for EPA by Abt Associates, Inc. attempts to quantify the uncertainty inherent in the
estimated health benefits from the new standards. This assessment is very thorough
in its identification of many weaknesses in the underlying PM and health effects
data, remarkably frank about its necessary reliance on numerous unproven assump-
tions, and surprisingly even-handed in its demonstrations, via multiple sensitivity
and uncertainty analyses, that the health benefits projected from the proposed
standards might well be greatly exaggerated.

Significant limitations of EPA’s benefit projections either noted in the Abt Associ-
ates, Inc. risk assessment are in our critique of it and include the following:

Because correlation is not causation, the projections have had to assume cau-
sation; thus, future reductions in specific PM levels need not necessarily result
in any material health benefits. This has not been acknowledged explicitly.

EPA’s failure to account for the potential health effects due to simultaneous
exposure to PM, other pollutants, and related weather variables almost cer-
tainly leads to substantial overstatements of both the strength and statistical
significance of the apparent associations specifically with PM exposure. This
issue of confounding has been explored only to a very limited extent, yet EPA
has concluded that its benefit estimates are robust to the inclusion or exclusion
of individual co-pollutants. This conclusion is at variance with the findings of
several reanalyses that considered multiple confounding variables simulta-
neously. The discrepancy is almost certainly due to the fact that EPA’s sensitiv-
ity analyses considered only “one-at-a-time” additions of individual co-pollutants
instead of real-world multiple exposures. Thus, the true benefits that result
from compliance with the proposed new PM standards may well be completely
negligible.

The benefit projections assume log-linear relationships between PM exposure
above natural background levels and various adverse health outcomes. Because
most days of the year have low to mid-range levels of PM, the estimated health
benefit over an entire calendar year of daily PM exposures is dominated by the
contribution from the many days with low to moderate levels of PM. This is pre-
cisely the exposure range for which the empirically determined log-linear dose-
response relationships are most uncertain. The assumption of a log-linear no-
threshold dose-response relationship is not presently scientifically justified;
threshold-like alternatives cannot be ruled out.

EPA’s sensitivity analysis using different cut points (i.e., thresholds) dem-
onstrates the enormous impact that thresholds can have on the projected bene-
fits from proposed new standards. High thresholds imply negligible health bene-
fits. Nevertheless, health benefits estimated with threshold-like dose-response
relationships play only a secondary role in EPA’s benefits assessment. They
should instead be considered at least on an equal footing with the benefits esti-
mated with log-linear models.

EPA’s regression models presume implicitly that the independent variables
are known without error. Yet actual PM exposure levels are very poorly charac-
terized and highly uncertain. EPA has acknowledged that little regional mon-
itoring data, and virtually no personal exposure data, are available for PMzs
at the present time. Furthermore, recent studies have shown that only weak
correlations exist between individual personal exposures and PM measures re-
corded by regional monitoring stations. Uncertainty about the true values of
these variables, or errors in their measurement, leads to a serious “errors in
variables” problem that can only be resolved with further prospective study in-
volving adequate simultaneous measurements of both individual PM exposures
and region-wide measures of air quality.

Faced with such great uncertainty in the estimated magnitude of potential health
impacts of the proposed new standards, it seems far more reasonable for EPA to
initiate additional data collection and analysis activities on the health effects poten-
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tially associated with various PM fractions rather than rush to promulgate and im-
plement new standards that could well make things worse rather than better.

That completes my oral testimony. Thank you for your attention. I would be
happy to answer any questions.

APPENDIX A

THOMAS B. STARR trained in theoretical physics at Hamilton College and the Uni-
versity of Wisconsin-Madison, receiving his Ph.D. in 1971. Following National
Science Foundation postdoctoral and faculty appointments in the Institute for Envi-
ronmental Studies at Wisconsin, he joined the staff of the Chemical Industry Insti-
tute of Toxicology in 1981, first as a senior scientist in the Department of Epidemi-
ology, and then in 1987 as Director of CIIT’s Program on Risk Assessment. In 1989,
he joined ENVIRON International Corporation as a principal in the Health Sciences
Division. His research interests have focused on means for explicitly incorporating
knowledge of toxic mechanisms into the quantitative risk assessment process, and
improving epidemiologic methods for assessing effects of chemical exposure on work-
er health. He has published over 80 scientific papers and abstracts, and given hun-
dreds of scientific presentations.

Dr. Starr holds an adjunct faculty appointment in the Department of Environ-
mental Sciences and Engineering in the School of Public Health at the University
of North Carolina-Chapel Hill. He has been appointed to numerous advisory posts,
including the Halogenated Organics Subcommittee of the U.S. Environmental Pro-
tection Agency’s Science Advisory Board, the North Carolina Academy of Sciences
Air Toxics Panel, and the North Carolina Environmental Management Commission
Ad Hoc Committee for Air Toxics. Currently, he serves on the Methylene Chloride
Risk Characterization Science Committee, and the Secretary’s Scientific Advisory
Board on Toxic Air Pollutants for the North Carolina Department of Environmental
Health and Natural Resources. He has testified before OSHA, EPA, and other regu-
latory agencies regarding human health risks posed by various chemical exposures,
including those to 1,3-butadiene, cadmium, dioxin-like compounds, formaldehyde,
lead, methylene chloride, and environmental tobacco smoke. He is also active in pro-
fessional societies, including the American Statistical Association, the Society for
Epidemiological Research, the Society for Risk Analysis, and the Society of Toxi-
cology. In 1988-89 he served as the first President of the newly formed SOT Spe-
cialty Section on Risk Assessment, and in 1989-90 as President of the Research Tri-
angle Chapter of the Society for Risk Analysis.
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I. EXECUTIVE SUMMARY

On 13 December 1996, the United States Environmental Protection Agency proposed
new National Ambient Air Quality Standards for particulate matter (USEPA 1996, Federal
Register 61:65638-65713). The USEPA proposal would retain the current primary standards for
PM,, with minor changes, and add new annual and 24-hour standards for PM, ;, specifically, a
primary annual standard of 15 pg/m’, and a 24-hour standard of 50 pg/m®, based upon a 3-year
average of the 98th percentile of 24-hour PM, ; concentrations at each monitor within an area.

The stated purpose for USEPA's proposal of new PM standards is to:

"...provide increased protection against a wide range of PM-related health effects,
including premature mortality and increased hospital admissions and emergency
room visits (primarily in the elderly and individuals with cardiopulmonary disease),
increased respiratory symptoms and disease (in children and individuals with
cardiopulmonary disease such as asthma); decreased lung function (particularly in
children and individuals with asthma); and alterations in lung tissue and structure
and in respiratory tract defense mechanisms." (Fed Reg 61:65638)

ENVIRON International Corporation, on behalf of Kennecott Corporation, has
undertaken a critical review and analysis of USEPA's quantitative risk assessment for PM to
determine the extent to which the proposed new PM standards would lead to increased protection
in the form of decreased frequencies of occurrence of the above-noted health effects. This risk
assessment, conducted by Abt Associates, Inc. for USEPA, is very thorough in its identification of
many weaknesses in the underlying PM and health effects data, its reliance on numerous critical
but unproven assumptions, and its demonstrations, via multiple sensitivity and uncertainty
analyses, that the health benefits projected from implementation of the proposed standards may
well be greatly exaggerated. The Abt risk assessment also acknowledges that there are other
critical factors that could not be systematically explored because the data required for such
analyses were not available. These factors include exposure measurement error, the important
distinction between average ambient PM concentrations and individual personal exposures, and
inadequate control for weather variables and multiple co-pollutants during the estimation of health
effects attributable to specific PM fractions,.

Had these additional factors been appropriately considered, they would serve only to
further increase the already great uncertainty, acknowledged explicitly and often in the Abt
Associates, Inc. quantitative risk assessment, regarding the magnitude of potential health benefits
that might accrue from implementation of more stringent PM standards. Because a causal
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association between adverse health effects and specific PM fractions has not yet been established,

because other uncontrolled factors may actually be responsible for the apparent effects of PM, the
benefits from further PM reductions are likely to be nonexistent or undetectable. The numerous
limitations and weaknesses of USEPA's risk assessment argue strongly and convincingly against
the implementation of new PM standards at the present time. The currently available scientific
data are simply inadequate to justify new PM standards.

Specific conclusions and recommendations issuing from ENVIRON's critical analysis of

the Abt Associates, Inc. risk assessment include the following:

)]

@

(3)

“

)

The absence of personal exposure data has forced the Agency to rely on correlative
"ecologic" studies relating city-wide indices of PM exposure to population indices of
morbidity and mortality.

Because correlation is not causation, the risk assessment has had to assume causation;
thus, future reductions in specific PM levels need not necessarily result in any material
health benefits. USEPA needs to acknowledge this fundamental and critical limitation of
its risk assessment.

Actual PM exposure levels are very poorly characterized and highly uncertain. USEPA
has explicitly acknowledged that little regional monitoring data, and virtually no personal
exposure data, are available for PM, ; at the present time. Furthermore, recent studies
have shown that only weak correlations exist between individual personal exposures and
PM measures recorded by regional monitoring stations.

At present, there is no clear understanding of the physiological mechanisms, if any, that
may be responsible for the statistical associations that have been observed between
fluctuations in ambient PM levels and the frequency of adverse health outcomes.
Additional careful study is required to clarify the causation issue, to identify specific
constituents of air pollution that may be responsible for adverse health effects, and to
identify specific physiologic mechanisms by which such effects might arise. Only when
such studies are completed will it be possible to scientifically justify stricter regulation of
specific air pollution constituents.

USEPA's failure to account explicitly for the potential health effects due to simultaneous

exposure to PM, other pollutants, and related weather variables almost certainly leads to
substantial overstatements of both the strength and statistical significance of the apparent
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associations of adverse health outcomes specifically with PM exposure. The USEPA
quantitative risk assessment explores the issue of confounding variables only to a very
limited extent in some of its sensitivity analyses, and it has concluded that effect estimates
are robust to the inclusion or exclusion of individual co-pollutants. This conclusion is at
variance with the findings of several reanalyses which considered multiple confounding
variables simultaneously. The discrepancy is almost certainly due to the fact that USEPA's
sensitivity analyses considered only "one-at-a-time" additions of individual co-pollutants.
The true benefits that result from compliance with the proposed new PM standards may be
completely negligible if co-pollutants or inadequately addressed weather variables are
indeed responsible for the adverse heaith effects of air pollution.

USEPA has assumed log-linear relationships between PM exposure above natural
background levels and various adverse health outcomes. Furthermore, most days of the
year have low to mid-range levels of PM, while days with high PM values, such as those
associated with the 98th percentile, by definition, occur only infrequently. Thus, the
estimated aggregate risk accumulated over an entire calendar year of daily PM exposures
is dominated by the contribution from the many days with low to moderate levels of PM.
This is precisely the exposure range for which the empirically determined log-linear
concentration-response relationships used by USEPA are most uncertain. The assumption
of a log-linear no-threshold concentration-response relationship is not presently
scientifically justified. Careful prospective studies of personal PM exposures in relation to
adverse health outcomes will be necessary to shed additional light on this issue.

The sensitivity analysis conducted in USEPA's quantitative risk assessment using different
cut points (i.e, thresholds) demonstrates the enormous impact that thresholds can have on
the projected benefits from proposed new standards. High thresholds imply negligible
health benefits. Although health benefits estimated with threshold-like concentration-
response relationships play only a secondary role in certain sensitivity analyses included in
USEPA's risk assessment, they deserve a prominent role in the risk assessment, and should
be considered at least on an equal footing with the benefits estimated with log-linear
models.

USEPA's regression models for concentration-response relationships presume implicitly
that the independent variables are known without error. Uncertainty about the true values
of these variables, or errors in their measurement, leads to an "errors in variables" problem
that USEPA's risk assessment has failed to deal with effectively; it has merely
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acknowledged this issue as an important source of uncertainty, without quantifying the
extent of that uncertainty. Furthermore, none of the "ecologic" epidemiologic studies
upon which USEPA has relied have dealt effectively with this "errors in variables"
problem. This difficulty can only be resolved with further prospective study involving
adequate simultaneous measurements of both individual PM exposures and region-wide
measures of air quality.

Faced with such great uncertainty in the estimated magnitude of potential health impacts
of the proposed new standards, it seems far more reasonable for USEPA to initiate additional data
collection and analysis activities on the health effects potentially associated with various PM
fractions rather than rush to promulgate and implement new standards that could well make things
worse rather than better.
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0. INTRODUCTION

On 13 December 1996, the United States Environmental Protection Agency formally
announced its proposal for new National Ambient Air Quality Standards for particulate matter
(USEPA 1996 Federal Register 61:65638-65713). Current primary particulate matter (PM)
standards are based upon that fraction of total suspended particulate matter designated as PM,,,
indicating those particles with a mean aerodynamic diameter of 10 microns or less. The current
annual standard prohibits airborne PM,, concentrations from exceeding 50 pg/m’ on an annually
averaged basis. The current 24-hour PM,, standard allows no more than one exceedance of
150 pg/m® at each monitor in a location per year. The USEPA has proposed to retain the current
primary annual standard for PM,, of 50 ug/m’, and the current primary 24-hour standard of
150 pg/m® as well, although the latter would be converted in the new proposal to a 98th
percentile form, averaged over three years.

In addition, USEPA has proposed new annual and 24-hour standards for particulate
matter designated as PM, , indicating particles with a mean aerodynamic diameter of 2.5 microns
or less. Particulate matter in this class comprises a variable subset of PM,, with the ratio of the
PM, , fraction to the PM,, fraction varying widely in magnitude, depending on the source
category of origin of the particulate matter, as well as time of day, weather conditions, and
geographic region. The PM, ; fraction has previously been regulated only through the existing
PM,, standard. The proposed new primary annual standard for PM, 4 is 15 pg/m’, based upon a
3-year average of the annual arithmetic mean, spatially averaged across an area. The
corresponding new 24-hour standard is 50 pg/m’, based upon a 3-year average of the 98th
percentile of 24-hour PM, s concentrations at each monitor within an area.

In announcing its decision to move forward with these new standards, USEPA identified
two alternative sets of new PM, ; standards it is also considering, one more stringent, the other
more relaxed, than its primary proposal. The less stringent set, comprised of a 20 ug/m® annual
standard with a 24-hour standard as high as 65 pg/m’, was put forward in recognition of the very
large degree of uncertainty which currently exists regarding actual PM,  levels (little actual
monitoring data are available at the present time), and the absence of any clear understanding of
the physiological mechanisms, if any, that may be responsible for the statistical associations that
have been observed between various measures of PM exposure and adverse health outcomes.
Additional uncertainties with regard to (1) the identity of the true causal agent(s) in the complex
mixture of air pollutants of which PM;  is but one constituent, and (2) the possible existence of
threshold-like dose-response relationships also serve to intensify concern that costly regulatory
initiatives aimed at restricting the PM,  fraction are premature and, at best, very inefficient.
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The more stringent alternative set of standards, characterized by USEPA as a "maximally
precautionary response," is comprised of an annual PM, , standard as low as 12 ug/m’ in
combination with a 24-hour standard in the range of 20 to 50 pg/m®. It appears to have arisen in
response to the view of some public health advocates that the existing epidemiological data are
already sufficient to demonstrate a causal relationship between PM, ; and adverse health
outcomes, even at remarkably low exposure levels.

The stated purpose for USEPA's proposal of new PM standards is to:

"...provide increased protection against a wide range of PM-related health effects,
including premature mortality and increased hospital admissions and emergency
room visits (primarily in the elderly and individuals with cardiopulmonary disease);
increased respiratory symptoms and disease (in children and individuals with
cardiopulmonary disease such as asthma), decreased lung function (particularly in
children and individuals with asthma); and alterations in lung tissue and structure
and in respiratory tract defense mechanisms.” (Fed Reg 61:65638)

Will the proposed standards provide such protection? This is a straight-forward question
with no simple answer. USEPA has undertaken an elaborate quantitative risk assessment to
determine the extent to which the new PM standards would lead to increased protection in the
form of decreased frequencies of occurrence of the above-noted health effects. Quantitative risk
assessment is a challenging, technically complex activity involving the analysis of large amounts of
data of varying types and quality, the development of scientific inferences with regard to various
quantitative functional relationships among these data, and the formulation of numerous
simplifying and/or data gap-filling assumptions, both explicit and implicit, that have not been and,
perhaps, cannot ever be validated empirically.

USEPA's quantitative health effects assessment for PM is quite complex and, in many
respects, very thoughtful, but it does not provide substantial support for the Agency's assertion
that the proposed standards will indeed provide increased protection of the public health. Far too
many critical issues currently remain unresolved to have confidence that new PM, ; standards will
provide any real public health benefits.

Indeed, USEPA's quantitative risk assessment of PM is very thorough in its identification
of many weaknesses in the underlying data, its reliance on numerous critical but unproven
assumptions, and its demonstrations, via multiple sensitivity analyses, that the health benefits
projected from implementation of the proposed standards may well be greatly exaggerated. There
are, in addition, other critical factors that could not be systematically explored in the risk
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assessment because the data required for such analyses were not available. These factors include
exposure measurement error, the important distinction between average ambient PM
concentrations and individual personal exposures, and inadequate control for multiple co-
pollutants, as well as related weather variables, during the estimation of health effects due to
specific PM fractions.

Had these additional factors been appropriately considered, they would serve only to
further increase the already great uncertainty, acknowledged explicitly and often in USEPA's
quantitative risk assessment, regarding the magnitude of potential health benefits that might
accrue from implementation of more stringent PM standards. Because a causal association
between adverse health effects and specific PM fractions has not yet been established, because
other uncontrolled factors may actually be responsible for the apparent effects of PM, the benefits
from further PM reductions may well be nonexistent. The numerous limitations and weaknesses
of USEPA's risk assessment argue strongly and convincingly against the implementation of new
PM standards at the present time.

After briefly describing the approach USEPA has taken in estimating the health benefits
that might ensue from new PM standards in the next section, we return to discuss in further detail
the serious limitations in the current state-of-the-science for quantitative risk assessment of PM.
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III. USEPA'S QUANTITATION OF POTENTIAL
HEALTH EFFECTS FROM EXPOSURE

USEPA contracted with Abt Associates Inc., Cambridge MA, to complete a quantitative
risk assessment of the human health risks associated with PM exposure for two example cities,
Philadelphia and Los Angeles. Their charge was to develop numerical estimates of the extent to
which the proposed new standards would afford increased public health protection. Using daily
monitoring data for PM,, and PM, ; recorded in Philadelphia during the period September 1992
through August 1993, similar data for Los Angeles during the 1995 calendar year, estimates of
the "natural background" PM levels thought to be appropriate for these cities, as well as city-
specific baseline incidence rates for the health effects of interest and estimated log-linear
concentration-response functions drawn from several different literature sources, Abt Associates
developed estimates of the increased annual incidence of various health endpoints associated with:

1) “as is" PM conditions;

2) PM conditions that were (at worst) in compliance with the existing PM,, standards
(compliance was simulated via a proportional roliback of all PM,, and PM; ; values
by whatever percentage was required to bring the most out-of-compliance PM,,
observation into compliance);

3) PM conditions in compliance with the new proposed standards (simulated with a
similar proportional rollback scheme).

As was noted above, the concentration-response functions employed by Abt Associates in
the quantitative risk assessment were extracted from the extant epidemiologic literature on health
effects associated with PM exposure in numerous locations, including the well-known "Six
Cities," namely, Watertown MA, Kingston/Harriman TN, Saint Louis MO, Steubenville OH,
Portage W1, and Topeka KA. For each study, Abt Associates determined the increased relative
risk for a given health effect that would be expected, based on that study's findings, to result from
an increase of either 50 ug/m® in PM,, or 25 pg/m’ in PM, ;. Corresponding standard errors for
these "standardized" relative risk estimates were also determined. It is important to note that the
log-linear form of the assumed concentration-response functions employed by USEPA in their
main analyses guarantees that all PM increments above "natural background” levels, no matter
how small, wil! yield proportionate nonzero increases in calculated relative risks. (For relative
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risks reasonably close to unity, there is little, if any, practical difference between log-linear and
purely linear concentration-response relationships.)

Pooled estimates of effect, derived by combining the results across multiple studies and
locations with either fixed or random effects models of inter-location variability, were also
constructed and employed as appropriate. When a random effects model was utilized in the
calculation of benefits from PM reductions, 90% credible intervals were substituted for
corresponding 90% confidence intervals arising from analyses based on a fixed effect model.
Such intervals allow for the fact that the actual distribution of random effects across locations is
unknown, and hence must be estimated, thereby introducing additional variability into the
estimates of effect beyond that attributable to sampling. Credible intervals are always at least as
wide as the confidence intervals that would follow from perfect knowledge of the distribution of
random effects across locations.

The differentials in heaith effects incidence between simulated compliance with the current
PM,, standards and simulated compliance with the proposed new standards were then taken to be
the net health benefit that resulted from implementation of a given proposed standard. For
example, in the proposed rule, USEPA reports that:

"The incidence of mortality associated with short-term PM, 5 exposures upon attainment
of the current PM,, standards was estimated to range from approximately 400 to 1,000
deaths per year in Los Angeles County (with a population of 3.6 million) under base case
assumptions ..." (Fed Reg 61:65650)

This estimated range of mortality incidence for Los Angeles county (rounded to one
significant figure from the range of 430 to 970 deaths) was reported in Exhibit 7.3 of the 3 July
1996 Abt Associates risk assessment report. In the December 1996 supplement to that report as
revised in November 1996, the reduction in this range was projected to be approximately 210 to
480 deaths (with a central reduction estimate of 350 deaths) for PM, ; levels in compliance with
the new proposed 15 pg/m® annual spatially averaged standard in combination with a 98th
percentile 24-hour standard of 50 pg/m® (see Exhibit 8 in the December 1996 supplement).

For comparison, in Philadelphia, under "as is" PM conditions, which were already in
compliance with the current PM,, standards during the period September 1992 through August
1993, short term PM, 5 exposures were estimated to have caused 200 to 500 deaths (rounded to
one significant figure from 220 to 510 deaths as reported in Exhibit 7.1, 3 July 1996 Abt report).
Moving into compliance with the above-noted new standards for PM, ; was estimated to reduce
this range by from 30 to 60 deaths (as reported in Exhibit 7 of the December 1996 supplement).
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Estimated reductions in adverse health effects resulting from compliance with the
proposed new standards were similarly developed for mortality arising from long-term PM
exposure, hospital admissions for respiratory and cardiac conditions, the latter for individuals at
least 65 years of age and split into admissions specific for ischemic heart disease and congestive
heart failure, and finally, the incidence of lower respiratory tract symptoms among 8-12 year old
children.

For example, from 23,000 to 58,000 8-12 year old children were estimated to exhibit
lower respiratory tract symptoms associated with PM, s exposure in Southeast Los Angeles
County during 1995, with PM levels adjusted to attain compliance with current PM,, standards
(Exhibit 7.3 of the November 1996 revision to the 3 July 1996 Abt Associates risk assessment
report). In the December 1996 supplement to that report, the reduction in this range was
estimated to be from 12,000 to 34,000 cases, (with a central reduction estimate of 24,000 cases)
for PM, ; levels in compliance with the new proposed 15 pg/m® annual spatially averaged standard
in combination with a 98th percentile 24-hour standard of 50 pg/m’ (see Exhibit 8 in the
December 1996 supplement).

For comparison, in Philadelphia, under "as is" PM conditions, which were already in
compliance with the current PM,, standards during the period September 1992 through August
1993, short term PM, 5 exposures were estimated to have been responsible for 6,000 to 15,000
cases of lower respiratory tract symptoms among 8-12 year old children (Exhibit 7.1, 3 July 1996
Abt report). Moving into compliance with the above-noted new standards for PM, ; was
estimated to reduce this range by as many as 1,000 to 2,000 cases (as reported in Exhibit 7 of the
December 1996 supplement).

It is noteworthy that USEPA's estimates of adverse health effects associated specifically
with the PM, ; fraction were developed from very limited data bases compared to those for PM,,.
For short-term mortality, estimates were derived solely from the expanded Six Cities study of
Schwartz et al. (1996); estimates of chronic mortality were developed solely from the study of 51
U.S. cities by Pope et al. (1995); finally, respiratory disease estimates were extracted from the
single Thurston et al. (1994) study of Ontario, Canada. All other estimated reductions in adverse
health effects were of necessity related to measurements of PM, .
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IV. SUMMARY OF SIGNIFICANT LIMITATIONS AND
WEAKNESSES OF THE PM RISK ASSESSMENT

A. Reliance on Empirically Estimated "Ecologic" C tration-R
Relationships

The epidemiologic studies upon which USEPA has relied in developing its estimates of
concentration-response functions have a number of serious methodologic limitations. Many of
these limitations are discussed in considerable detail in the companion ENVIRON report which is
focussed on the critical issue of causality (ENVIRON 1997). Both individually and collectively,
these studies have yet to clearly demonstrate that the observed associations between PM exposure
and adverse health effects are causal in nature. Here we discuss three specific issues related to the
absence of demonstrated causality with significant implications for the benefits USEPA has
estimated to arise from compliance with the proposed new standards: (1) the lack of predictive
power of correlative, as opposed to causal, associations; (2) the important distinction between
monitoring measurements of ambient PM levels and individual personal exposure measures, and
(3) inadequate control for various potentially confounding variables including co-pollutants.

1. Correlative associations lack predictive power

Correlation is indeed not causation. If the association between PM exposure and
adverse health consequences is solely, or even partly, due to factors other than PM,, or
PM, 5 that happen to have co-varied historically with both the PM levels and the incidence
of adverse health effects in the past, then future reductions in specific PM levels need not
necessarily result in any material health benefits at all. Absent a truly causal
concentration-response relationship between PM and adverse health effects, the apparent
relationship has no real predictive power.

Perhaps the most striking weakness in the arguments that might be martialed in
support of a causal association between current levels of exposure to PM and adverse
human health effects is the absence of any well-defined physiological mechanisms of toxic
action that are clearly demonstrable in controlled laboratory studies.

Acute effects from PM exposure are clearly evident in laboratory animals at levels
one to two orders of magnitude greater than typical ambient levels. Indeed, such effects
were clearly and tragically evident among humans with underlying respiratory and cardiac
disease, exposed to the excessively high levels of air pollution that occurred during the
public health disasters of Donora, Pennsylvania in October 1948 and London, England in
December 1952. Under such extreme conditions, the already compromised respiratory
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clearance and defense mechanisms could not cope with the overwhelming burden of
incoming particulate matter.

Most importantly, however, laboratory animal studies have yet to demonstrate
unequivocally the effects that have been reported in humans at typical levels of human
exposure. The absence of well-defined mechanisms of action and the failure to
demonstrate comparable effects in controlled laboratory studies at typical levels of human
PM exposure have forced the USEPA to rely on empirical concentration-response
functions that may well be entirely correlative, rather than causative, in nature. Because
the estimated health benefits projected to arise from the proposed new PM standards are
based on unsubstantiated assumptions rather than scientific facts, they are speculative, not
predictive with any substantial degree of reliability. Therefore, little confidence can be
placed in their estimated values.

2. Regional monitors do not accurately portray personal exposure.

The epidemiologic studies upon which USEPA has relied are "ecologic" in design:
PM exposure has been characterized in these studies not by measurement of individual
personal exposures, but instead by data from stationary monitors (often just a single
monitor) in specific outdoor locations in the regions studied. If causal concentration-
response relationships between PM exposure and adverse human health effects truly exist,
then the underlying driving variable in these relationships will be provided by each
individual's personal exposure history, not by the ambient PM level as estimated from
observations at fixed outdoor monitors.

The correlations between personal exposures and regional indices of PM are not
likely to be uniform, strong, or consistent through time because personal activity patterns
vary greatly during the day, and because much time is spent indoors where sources of PM
unrelated to outdoor sources contribute heavily to personal exposure. Ozkaynak et al.
(1996) recently reported results from a study conducted in Riverside, California that
compared central regional sampling observations of PM with outdoor concentrations
measured near individual homes, with indoor concentrations as measured by stationary
indoor samplers, and with PM observations from individual samplers worn by study
participants. Although outdoor PM concentrations near homes were reasonably well-
correlated with the regional PM measures, indoor concentrations were only weakly
correlated with outdoor concentrations, and "personal exposures were even more poorly
correlated with outdoor concentrations."

If the correlations between personal exposures and regional indices of PM are
weak, than little confidence can be placed in the estimated health benefits that have been
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attributed to achieving compliance with the proposed new PM standards. Substantial
additional effort needs to be directed towards the characterization of actual personal
exposures to PM;,, PM, , and co-pollutants. Acquisition of personal exposure histories
over extended periods of time is particularly important in resolving the question of
whether acute health effects are due to long-term low-level exposures or intense, short-
term exposure episodes. Such data are also crucial to (1) resolution of the causation
issue, (2) identification of specific air pollution constituents that may be responsible for
adverse health effects, and (3) identification of the specific physiologic mechanisms by
which such effects arise. Only then will it be possible to scientificaily justify stricter
regulation of specific air pollution constituents.

3. Control for potential confounding by co-pollutants and other factors is
inadequate.

The concentration-response relationships employed by USEPA in its quantitative
risk assessment of PM are essentially univariate in nature, i.e., single measures of PM,
either PM,, or PM, ,, have been considered one at a time in relation to the incidence of
various adverse health outcomes. This limitation in the scope of the dose-response models
is also a feature common to most of the epidemiologic studies upon which USEPA's risk
assessment has been based; few of these studies simultaneously considered the potential
effects from multiple pollutants. The failure to account explicitly for the potential health
effects due to simultaneous exposure to PM and other pollutants will almost certainly lead
to substantial overstatements of both the strength and statistical significance of the
apparent associations of adverse health outcomes specifically with PM exposure. This
point is further illustrated with several noteworthy examples below.

Moolgavkar and his co-workers have conducted a number of reanalyses of
selected data sets in which additional potentially confounding co-pollutants were allowed
to enter the regression models simultaneously with measures of PM. For example,
fluctuations in daily mortality in Steubenville, Ohio had been previously analyzed by
Schwartz and Dockery (1992a) in relation to total suspended particulates (TSP), and they
reported a statistically significant association between TSP and this adverse health
outcome, even after rather elaborate adjustments for the potential effects of weather.
When Moolgavkar et al. (1995a) reanalyzed daily mortality for full calendar years, they
concluded that:

"... the effect of particulates was substantially attenuated when sulfur dioxide was
simultaneously included in the regression, and was no longer statistically
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significant. When mortality data ware analyzed by seasons, similar results were
obtained. In addition, there appeared to be seasonal effects in the association of
particulates and sulfur dioxide with daily mortality. The resuits of the analysis
were not robust to small perturbations in the data. In view of these findings, it is
premature to draw any conclusions about the relationship between individual
components of air pollution and daily mortality."

In a similar reanalysis of daily mortality in Philadelphia during the 1973-1988
period, Moolgavkar et al. (1995b) included consideration of a second co-pollutant, ozone,
along with TSP and sulfur dioxide. A previous analysis by Schwartz and Dockery (1992b)
had implicated particulate matter (specifically, TSP) as a causal factor in increased daily
mortality in that city, even after inclusion of sulfur dioxide as a co-pollutant in their
regression models. However, the Schwartz and Dockery analysis did not allow for
differential effects by season of the year.

Interestingly, Moolgavkar et al.'s (1995b) reanalysis, which did stratify by season,
found the apparent effect of TSP on daily mortality to be "greatly attenuated” when sulfur
dioxide was introduced into the regression model, except during the summer quarter.
Introduction of ozone as a second co-pollutant led to a similar attenuation of TSP's
apparent effect in the summer quarter. Thus, appropriate allowance for differential effects
by season and the simultaneous consideration of both sulfur dioxide and ozone eliminated
altogether the apparently significant effect of TSP in every season.

Although Moolgavkar et al. (1995b) acknowledged explicitly that other
investigators had already concluded that some subfraction of PM was largely responsible
for the apparent associations of air pollution with daily mortality, they took significant
exception to that view:

"Our results in this paper do not support this conclusion. Indeed, our analysis
indicates that the association between pollution and mortality is attributable to
ozone in the summer and to sulfur dioxide in the other seasons."

In an even more recent analysis of the same data, Moolgavkar et al. (1997) have
added a third co-pollutant, nitrogen dioxide, to their regression models. Their results
indicate that while TSP, when considered alone, was a significant predictor of daily
mortality in every season of the year, it failed to achieve statistical significance in any
season of the year when sulfur dioxide, ozone, and nitrogen dioxide were also included in
the regression models.
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Finally, we call attention to one more recent reanalysis of the relationship between
PM and daily mortality in Birmingham, Alabama that was conducted by Davis et al.
(1996). Schwartz's (1993) previous analysis had concluded that PM,, was a statistically
significant predictor of daily mortality after adjustments were made in the regression
model for systematic seasonal and longer term time trends, potential weather confounders,
expressed as daily mean temperature and a categorical variable indicating if the daily mean
temperature exceeded 28°C. His analysis of these data has since been confirmed
independently by Samet et al. (1995), who found no major discrepancies in Schwartz's
numerical results.

Relying on previous work of their own (Styer et al. (1995)) suggesting that
temperature and humidity are the most important weather variables to be considered,
Davis et al. constructed a regression model that included both linear and nonlinear
temperature terms, two day averages of specific humidity (current day plus preceding day,
as well as the previous 2-day average), a three day average of PM,, measurements
(current plus preceding two days), and a smooth time trend variable developed with cubic
splines. The net result was a point estimate of effect for PM, that was "substantially
smaller than Schwartz's,” with a confidence interval that did not exclude values less than
one, indicating that the PM,, effect was not statistically significant.

Davis et al. conclude that "deciding what co-variates to put in the model” (model
structure and variable selection) has the greatest impact on the results. Citing Schwartz's
failure to consider humidity terms in his previous analyses, they further state that "we do
not find a significant PM,, component in any model, except in the case when (to imitate
Schwartz) we omit the humidity component.” Davis et al. find the sensitivity of model
results to the inclusion or exclusion of certain meteorological variables to be problematic:

"The reported coefficients and their standard errors differ widely from one model
to another, and there are no absolute grounds for choosing any one model as the
‘right’ model. The fact that the model selected for Birmingham is of a quite
different nature from models that have been used in previous papers studying
Chicago, Philadelphia and many other U.S. cities only adds to the confusion
created by the confounding of meteorological effects. In our view there are
enormous difficulties inherent in any claim that a variable such as PM;, has a
consistent and statistically significant effect over a wide geographical area.”

In summary, the systematic inclusion of potentially confounding variables, both
weather and co-pollutants, in regression models appears to consistently reduce the
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apparent effect of PM exposures on daily mortality. This behavior, which arises as a
consequence of co-linearity among co-pollutants, was discussed insightfully by Lipfert and
Wyzga (1995), who stated:

"Although multiple-pollutant modeling will likely result in loss of significance of
one or more species and may be biased by differential measurement errors, such
results provide valuable information and should be reported. All results based on
only a single pollutant should be regarded as "indices" of overall air pollution,
which may or may not indicate the best candidate for control."

The USEPA quantitative risk assessment has explored the confounding variable
issue, but only to a very limited extent in some of its sensitivity analyses. It has concluded
that confounding is not a particularly critical issue in that effect estimates seemed to be
relatively insensitive to the inclusion or exclusion of individual co-pollutants. This
conclusion is at variance with the findings of the various reanalyses discussed above. The
discrepancy is almost certainly due to the fact that USEPA's sensitivity analyses
considered only "one-at-a-time" additions of individual copollutants. The reason for this
restriction is that only a few of the original epidemiologic studies upon which USEPA has
relied in developing its estimates of health effects considered copollutants at all, and then
only as "one-at-a-time" additions to PM.

For example, as indicated in Tables 7.23, 7.24, and 7.25 of the Abt risk
assessment, Ito and Thurston's 1995 study of short-term mortality in Chicago included
only ozone in addition to PM,,. Kinney et al.'s 1995 study of short-term mortality in Los
Angeles considered only carbon monoxide or ozone, but not both simultaneously, in
addition to PM,,. Pope's 1994 study of short-term mortality in the summer season in the
Utah Valley considered only ozone in addition to PM,,.

Furthermore, only one study of hospital admissions in Ontario, Canada by
Thurston et al. (1994) examined the impact of inclusion of a copollutant on estimates of
effect for PM, 5. In that study, consideration of ozone in addition to PM, s reduced the
effect estimate for PM, ; by a nearly two-fold factor (from 0.086 to 0.045 cases per
100,000), and the effect of PM, 5 was no longer statistically significant. Indeed the lower
bound of the 90% credible interval was negative, indicating that a potentially beneficial
effect of PM, 5 exposure could not be ruled out.

Clearly, there is insufficient data at the present time to conclude that consideration
of copollutants in addition to PM, s would have little impact on the estimates of effect
associated with PM, 5 exposure. "One-at-a-time" consideration of co-pollutants and

16 ENVIRON



76

various weather variables is simply not adequate to address the complex issue of
confounding. "One-at-a-time" is not the way co-pollutants and weather variables occur in
nature, and it is not an appropriate method for assessing the relative importance of
multiple confounding variables. Such limited consideration fails to provide a sufficient
scientific basis for concluding that USEPA's benefit estimates are robust to the potentially
significant influences of confounding variables. The true benefits that result from
compliance with the proposed new PM standards may well be completely negligible if co-
pollutants and/or other confounding variables such as weather are actually responsible for
the adverse health effects of air pollution.

B. Possible Threshold Forms for True C tration-Resp Relationships

In the Federal Register notice of its proposed new PM standards, USEPA has
acknowledged explicitly that

"The single most important factor influencing the uncertainty associated with the risk
estimates is whether or not a threshold concentration exists below which PM-associated
health risks are not likely to occur." (Fed Reg 61:65651)

The large degree of uncertainty in the estimated public heath benefits attributable to
compliance with the proposed new standards is due primarily to two factors. First, the underlying
concentration-response relationship, if in fact there truly is one, may not be log-linear,

i.e., approximately linear, all the way down to the natural background PM levels, as USEPA's
baseline risk assessment has assumed. It is in fact very likely that a minimum threshold level of
exposure to PM exists that must be exceeded before any adverse health consequences would
ensue.

Second, most days of the year have low to mid-range levels of PM, while days with high
PM values, such as those associated with the 98th percentile, by definition, occur only
infrequently. Unless the assumed concentration-response relationship is highly nonlinear, with
disproportionately greater risks associated with high PM exposure levels, the predicted aggregate
risk accumulated over an entire calendar year of daily PM exposures will be dominated by the
contribution from the many days with low to moderate levels of PM. This is precisely the
exposure range for which the empirically determined concentration-response relationships utilized
by USEPA are most uncertain.

The Abt risk ent has examined the impact of a threshold in the concentration-
response relationships for various health effects, at least to a limited extent. Specifically, in
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Exhibits 7.13 through 7.20 of the November 1996 revision to the July 1996 report, three
alternative threshold levels for either PM,, (20, 30 or 40 pg/m’®) or PM, 4 (10, 18, or 30 pg/m?)
were explored. Exhibit 7.16 demonstrates that existence of a PM, ; threshold at 30 pg/m’ reduces
the estimated "as is" impact of PM, 5 on short term mortality in Philadelphia County during the
September 1992 - August 1993 period from 1.8% of total incidence (assuming linearity) to 0.1%.
This is nearly a twenty-fold reduction in the estimate of PM, , effect before implementation of
new standards. Similarly, the estimated incidence of lower respiratory tract symptoms among 8 -
12 year old children is reduced from 20% to 3.8%, a more than five-fold reduction.

Clearly, USEPA's assumption of log-linear concentration-response relationships for
various health effects has an enormous impact on the estimated baseline incidence of those effects
as well as the estimated benefits associated with implementation of the proposed new standards.
However, the log-linear assumption cannot be justified. As is discussed further below, the
epidemiologic studies upon which USEPA has relied do not have the statistical power to rule out
the existence of threshold dose-response relationships.

That thresholds for nearly all toxic responses to chemical exposure exist has been a
dominant tenet of toxicological thought since the time of Paracelsus (1493-1541), who wrote:

"All substances are poisons; there is none which is not a poison. The right dose
differentiates a poison and a remedy."

The only clear exception to this general rule of toxicological experience is the cancer
endpoint. Because many cancers have been demonstrated experimentally to arise from single cells
whose genetic material has been altered irreversibly by specific individual biochemical interactions
with carcinogenic substances, there is now widespread scientific consensus that natural
carcinogenic processes, ongoing even in the absence of exposure, can be augmented or
accelerated incrementally even by extremely low levels of exposure to some carcinogenic
materials.

USEPA has failed to make a convincing scientific argument that the log-linear
concentration-response relationship it has assumed for the effects of PM on all health endpoints is
appropriate. None of the epidemiologic studies relied upon in USEPA's quantitative risk
assessment have undertaken a thorough and systematic examination of alternative nonlinear
exposure-response relationships. They simply assumed a log-linear dependence of relative risk
upon PM levels, often in the absence of any additional information on co-pollutants. Interestingly,
in Samet et al.'s (1995) reanalysis of the Philadelphia data on acute mortality, TSP, when it was
considered in combination with sulfur dioxide, was found "to have little effect on mortality until it
reached 100 pg/m®". Moolgavkar et al. (1997) have also concluded that "The data currently do
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not support a linear no-threshold exposure-response relation for a particulates-mortality
association.”

We strongly agree with this conclusion. The assumption of a linear no-threshold
concentration-response relationship is not presently scientifically justifiable. Careful prospective
studies of personal PM exposures in relation to adverse health outcomes will be necessary to shed
additional light on this issue. The sensitivity analysis conducted in USEPA's quantitative risk
assessment using different cut points (i.e, thresholds) demonstrates the enormous impact such
thresholds have on the projected benefits from proposed new standards.

Health benefits estimated with threshold-like concentration-response relationships should
play a central role in USEPA's quantitative risk assessment, because they are the rule, rather than
the exception, in toxicology. However, they have been assigned a secondary role in relation to
the effect estimates obtained by USEPA with log-linear models. Indeed, as previously indicated,
USEPA's quantitative risk assessment demonstrates clearly that concentration-response
relationships with significant threshold levels lead to negligible public health benefits from the
proposed PM standards.

C. Limited and Differential Accuracy of PM Measurements

Regression models of concentration-response relationships generally presume, albeit
implicitly, that the independent variables are known without error. Uncertainty about the true
values of these variables, or errors in their measurement, leads to an "errors in variables" problem
that has no simple solutions in the general multivariate case. None of the epidemiologic studies
upon which USEPA has relied in developing quantitative estimates of benefits from compliance
with its proposed new PM standards have dealt effectively with the "errors in variables" problem.
USEPA's quantitative risk assessment, although acknowledging this issue as an important source
of uncertainty, also fails to deal effectively with it. It may well be that this difficulty can only be
resolved with further prospective study involving adequate simultaneous measurements of both
individual PM exposures and region-wide measures of air quality.

Lipfert and Wyzga (1995) have discussed several aspects of this problem in considerable
detail. One very important issue relates to the fact that air pollution is a mixture of well-
correlated co-pollutants that are not all measured with the same precision. It may be, for
example, that one particular component is primarily responsible for adverse health effects, but that
this component is measured only with considerable error. Another component, highly correlated
with the first, but not causally related to adverse health effects, might be measured with far
greater precision. Lipfert and Wyzga have shown that when regression models are developed
with such variables entered individually, they may each appear to be highly statistically significant.

More importantly, however, when these variables are entered simultaneously into a
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regression model, the variable with greater measurement error may lapse into nonsignificance
even though it is the true underlying causal variable, while the variable with the smaller
measurement error may remain highly statistically significant, even though it is just a highly
correlated, non-causal confounder. Differentials in the reliability of exposure estimates can thus
lead to invalid inferences with regard to the underlying causal variables. It is therefore essential
that USEPA give full and careful consideration to the consequences of the measurement error that
are known to exist in the independent variables used in its regression models. This has not been
accomplished in the current proposal.
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V. CONCLUSIONS AND RECOMMENDATIONS

In developing its quantitative risk assessment of potential health benefits from its proposed
new PM standards, USEPA has relied on epidemiologic studies with significant methodologic
limitations. Chief among these is the failure of these studies to have determined individual
personal exposure levels that might be directly linked to adverse health outcomes. The absence of
personal exposure data has forced the Agency to rely on correlative "ecologic" studies relating
regional indices of PM exposure to population indices of morbidity and mortality. However,
correlation is not causation. If the association between estimated PM exposure and adverse
health consequences is solely, or even partly, due to factors other than PM,, or PM, 5 that happen
to have co-varied historically with both the PM levels and the incidence of adverse health effects
in the past, then future reductions in specific PM levels need not necessarily result in any material
health benefits. USEPA needs to acknowledge this fundamental and critical limitation of its risk
assessment.

The correlations between personal exposures and regional indices of PM are not likely to
be uniform, strong, or consistent through time because personal activity pattems vary greatly
during the day, and because much time is spent indoors, where sources of PM unrelated to
outdoor sources contribute heavily to personal exposure. If the correlations between personal
exposures and regional indices of PM are weak, then little confidence can be placed in the )
estimated health benefits that have been attributed to achieving compliance with the proposed new
PM standards. Further study is required to clarify the causation issue, to identify specific
constituents of air pollution that may be responsible for adverse health effects, and to identify
specific physiologic mechanisms by which such effects arise. Only then will it be possible to
scientifically justify stricter regulation of specific air pollution constituents.

The concentration-response relationships employed by USEPA in its quantitative risk
assessment of PM are essentially univariate in nature, i.e., single measures of PM, either PM,, or
PM, ,, have been considered one at a time in relation to the incidence of various adverse health
outcomes. This limitation in the scope of the independent variables included in the concentration-
response models is also a feature common to most of the epidemiologic studies upon which
USEPA's risk assessment has been based; few of these studies simultaneously considered the
potential effects from multiple pollutants. The failure to account explicitly for the potential health
effects due to simultaneous exposure to PM and other pollutants almost certainly leads to
substantial overstatements of both the strength and statistical significance of the apparent
associations of adverse health outcomes specifically with PM exposure.
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The USEPA quantitative risk assessment has explored the confounding variable issue to
a very limited extent in some of its sensitivity analyses. It has concluded that confounding is not a
particularly critical issue in that effect estimates seemed to be relatively insensitive to the inclusion
or exclusion of individual co-pollutants. This conclusion is at variance with the findings of the
various reanalyses discussed above. The discrepancy is almost certainly due to the fact that
USEPA's sensitivity analyses consider only "one-at-a-time" additions of individual co-pollutants.
This is not the way co-pollutants occur in nature, and it clearly does not provide a sufficient
scientific basis to conclude that USEPA's benefit estimates are robust to the potentially significant
influences of confounding variables. The true benefits that result from compliance with the
proposed new PM standards may be completely negligible if co-pollutants or inadequately
addressed weather variables are indeed responsible for the adverse health effects of air pollution.

The large degree of uncertainty in the estimated public heath benefits attributable to
compliance with the proposed new standards is due primarily to two factors. First, the underlying
concentration-response relationship, if there actually is one, may not be log-linear,

L.e., approximately linear, all the way down to the natural background PM levels, as USEPA's
baseline risk assessment has assumed. It is likely that a minimum threshold level of exposure to
PM exists that must be exceeded before any adverse health consequences might ensue. Second,
most days of the year have low to mid-range levels of PM, while days with high PM values, such
as those associated with the 98th percentile, by definition, occur only infrequently. Unless the
concentration-response relationship is highly nonlinear, with disproportionately greater risks
associated with high PM exposure levels, then the aggregate risk accumulated over an entire
calendar year of daily PM exposures will be dominated by the contribution from the many days
with low to moderate levels of PM. This is precisely the exposure range for which the empirically
determined log-linear concentration-response relationships employed by USEPA are most
uncertain.

The assumption of a no-threshold concentration-response relationship is unproven and not
scientifically justified. Careful prospective studies of personal PM exposures in relation to
adverse health outcomes are prerequisite to establishing the existence of such a relationship.

The sensitivity analysis conducted in USEPA's quantitative risk assessment using different
cut points (i.e, thresholds) demonstrates the enormous impact such thresholds have on the relative
significance of projected benefits from proposed new standards. Benefits estimated with
threshold-like concentration-response relationships should play a central role in USEPA's
quantitative risk assessment rather than the secondary role they have been assigned in comparative
sensitivity analyses. Reliance of the primary estimates upon log-linear models is unjustified.

Regression models of concentration-response relationships generally presume, albeit
implicitly, that the independent variables are known without error. Uncertainty about the true
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values of these variables, or errors in their measurement, leads to an "errors in variables" problem
that has no simple solutions in the general multivariate case. None of the epidemiologic studies
upon which USEPA has relied in developing quantitative estimates of benefits from compliance
with its proposed new PM standards have dealt effectively with the "errors in variables” problem.
USEPA's quantitative risk assessment, although acknowledging this issue as an important source
of uncertainty, also fails to deal effectively with it. This difficulty can only be resolved with
further prospective study involving adequate simultaneous measurements of both individual PM
exposures and region-wide measures of air quality.

Faced with such great uncertainty as to not only the magnitude but even the existence of
potential health impacts of the proposed new standards, it would seem far more reasonable that
USEPA initiate additional data collection activities on the various PM fractions rather than rush to
promulgate and implement scientifically unjustified new standards.

FALRWPC&M\QRA.FNL
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I. EXECUTIVE SUMMARY

In the Proposed Decisions on the National Ambient Air Quality Standards (NAAQS) for
Particulate Matter (PM) the US Environmental Protection Agency (USEPA) concludes that two
new primary PM,  standards should be added to the existing PM NAAQS based on the judgment
that PM, ; is causally related to increases in death (mortality) and respiratory illness or symptoms
(morbidity). Despite the Agency’s observation that individual studies are limited for addressing
questions of causality, they concluded that the “consistency and coherence of the evidence across
the studies”, along with the “relatively small ranges of variability in the effects estimates
observed in these studies” evaluated “are consistent with expectations based on assuming causal
relationships between mortality and morbidity effects and PM exposure”.

On behalf of Kennecott Corporation, ENVIRON has conducted a critical review of the
data relied upon by USEPA to reach its conclusions. We disagree with the Agency, as do the
chair of USEPA’s Clean Air Science Advisory Committee (CASAC) and other respected and
impartial members of the scientific community, in that we do not believe that the Agency has
developed scientifically credible NAAQS. There are two reasons for this conclusion: (1) the
qualitative attribution of causality has not been clearly established, and (2) because of the
uncertainties in the estimation of potential risk from current ambient air pollution, USEPA’s risk
assessment does not demonstrate that a reduction in PM, ; levels will indeed save lives or prevent
disease’.

When determining causality, expert judgment is applied to both individual studies and the
entire data base. In our scientific review, we first determined whether individual epidemiologic
studies were free from bias and confounding by evaluating whether potentially confounding
variables such as copollutants (e.g., ozone, SO,, H,SO,, NO,, volatite organics, and metals), and
weather conditions (i.e., temperature, season, relative humdity) could explain the reported
observations. We also evaluated the degree to which exposures were accurately classified and
measurements of pollutants were error-free.

Then, using the widely accepted Bradford Hill criteria, the data base as a whole was
evaluated to determine whether the conditions for causality were met. The criteria include
temporality (whether effects follow exposures), consistency (whether the same extent of response
is noted across different geographic regions and population groups), biological plausibility

"The former is the subject of this submission; the latter is commented upon in ENVIRON’s
accompanying remarks on the Quantitative Risk Assessment.
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(whether a toxicological mechanism can be proposed to account for the observed effects), and
coherence (whether the same effects are noted across different studies).

When associations between exposures and outcomes are strong, i.e., when relative risks
are high, attribution of causality is relatively straightforward. When the association is weak,
however, as in the case of PM, sound science requires that more emphasis be placed on making
certain that the quality of the studies and their subsequent analyses meet minimal standards
(i.e., reproducibility), and that the observed associations between exposures and outcomes be
biologically plausible.

The PM data base does not meet the standard required to make a causal attribution. This
conclusion is based on the following observations:

. The strength of the association between measures of air pollution, or any component of
air pollution and adverse health outcome is very weak (relative risk ranges from
approximately 1.06 to < 1.5).

. Significant uncertainties exist in estimates of exposure. In particular, the ecological
fallacy, which states that measures of population exposure can not be used to determine
individual exposures, is clearly in effect because estimates of exposures in all of the studies
are derived from community samplers, not individual monitors. It is therefore impossible
to determine whether individuals who die or experience health problems are actually
exposed to the air masses measured by these sampling devices.

. Because PM,  is a mixture of different chemical species arising from volatilized materials,
PM precﬁrsors are not only sources, but also copollutants in contemporary air pollution.
When the role of these copollutants is carefully considered, measures of PM-associated
risk decrease, often to insignificance. Other pollutants (e.g., ozone, SO,, H*, CO, and
NO,), however, often maintain a significant association with adverse health outcomes.
Thus the consistency and coherence criteria are not satisfied.

. Although exposures to high levels of pollutants have clearly caused death and respiratory
distress in the past, there is no compelling biological or toxic mechanism that can explain
the adverse health outcomes noted for current PM levels. Much research has been
conducted to identify such mechanisms, but to date, no scientifically-defensible argument
can be proposed to account for the effects observed in people exposed to current levels of
air pollution.
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The regulatory implications of the inability to attribute causality to PM are critical: if PM
in general, or PM, ; specifically, is not responsible for these adverse health effects, imposing new v
NAAQS, and the control strategies required for compliance will iot decrease the risk(s) attributed
to particulates. ‘Based on current knowledge, it is not clear that decreasing levels of PM, ; would
save lives or avoid diseases.

At this time, we believe that USEPA should not revise the PM NAAQS but rather
immediately implement a targeted research program to address the incomplete data base on PM,
and uncertainties regarding key issues in causality attribution and the subsequent estimation of
risk from PM. This recommendation is consistent with CASAC’s position.

In particular, the Agency’s reliance on the apparent consistency and coherence of the data
must be reevaluated in light of the careful and rigorous reanalyses of the key studies that
contradict those judgments. By the next cycle of criteria pollutant review, sufficient data should
be available to determine whether additional control strategies for particulates, or other pollutants,
should be implemented to minimize public health risks.

Given the continually decreasing levels of air pollution in the US, we do not believe that
this delay will increase risk; in fact, by virtue of its increased precision, it will provide a more
certain opportunity to improve the public heaith.
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. INTRODUCTION

In the Proposed Decisions on the National Ambient Air Quality Standards (NAAQS) for
Particulate Matter (PM) issued on 13 December 1996, the US Environmental Protection Agency
(USEPA) concludes that the current primary standard for PM,, should be changed to provide
increased protection against a wide range of “PM-related” health effects by the addition of two
new primary PM, ; standards (at annual and 24-hour mean concentrations of 15 ug/m® and
50 pg/m’, respectively). In addition, the Agency proposed to revise the current primary 24-hour
standard for PM,, (150 pg/m®) by revising its form, but maintaining the current annual primary
PM,, standard of 50 pg/m’.

We note the difficulty of reviewing, interpreting, and proposing regulations on the large
and complex body of health effects data associated with low-level exposures to particulate air
poliutants within a judicially-mandated time frame that is insufficient to allow for deliberate
consideration and the peer-review necessary to develop scientifically-defensible NAAQS. In
addition to studies in the primary literature, sophisticated analytical approaches have been
developed to address the intertwined issues presented by the complex mixtures comprising
contemporary air. These also require careful consideration and rigorous peer-review prior to the
imposition of new standards.

Although acknowledging that uncertainties exist, the Agency has concluded that there are
increased risks of acute and chronic adverse health effects following exposure to PM at levels
currently found in ambient air, especially from fine particulates (PM, ;). Further, the Agency
concludes that although individual studies are inherently limited as a basis for addressing questions
of causality, the “consistency and coherence of the evidence across the studies”, along with the
“relatively small ranges of variability in the effects estimates observed in these studies”
evaluated “are consistent with expectations based on assuming causal relationships between
mortality and morbidity effects and PM exposure” (61 FR 241, p. 65646).

The key health effects that have been associated with exposures to contemporary ambient
air pollution levels have been divided into increased risks of mortality, morbidity, and altered
measures of lung function; they can further be divided into effects noted following short-term
(i.e., acute) or long-term (i.e., chronic) exposures to ambient levels of air pollution found in US
urban airsheds. Although voluminous, the epidemiologic data base on which the conclusions
regarding contemporary air pollution levels rests consists of time series or cross-sectional studies
that are ecologic in nature (i.e., measures of exposure are for municipal regions (e.g., cities and
zip code areas) and the populations contained within them) and do not contain individual
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measures of exposure’. What is particularly notable about this rather extensive body of studies,
however, is despite the apparent consistency and coherence referred to by the Agency, the
magnitude of effect (or strength of association) is extremely weak, even by the contemporary
standards of epidemiologists more accustomed to evaluating “less obvious™ risks.

In fact, it is the weakness of the association, the complex mixture of pollutants to which
exposures occur, and the inability to accurately identify individual exposures, that require
consideration of hypotheses alternative to those concluding that current ambient levels of PM are
causally associated with adverse health outcomes. USEPA’s Clean Air Scientific Advisory
Committee (CASAC) has commented in print (Wolff 1996) on the accelerated pace and
inadequacy of the scientific assessment and peer-review of the relevant studies of PM. CASAC
has recommended against increasing the stringency of the PM, ; NAAQS, because the goal of
achieving a scientifically-defensible NAAQS had not been achieved (Wolff 1996).

We concur with CASAC and disagree with USEPA’s position that there is sufficient
evidence at this time to attribute a causal association between exposure to contemporary levels of
particulate matter, especially PM, , and the adverse health outcomes cited by the Agency. The
regulatory implications of the uncertainty and consequent inability to directly attribute causality
are critical: if it is not particulate matter, or PM, , specifically, that is responsible for the
consistent effects noted, imposing control strategies for these agents will not result in the
amelioration of the public health risk(s) attributed to particulates. In the following set of
comments, we present our reasons for this opinion. We also direct the Agency’s attention to
another submission to the docket by Greenberg et al. (1997), in which an expert panel of
epidemiologists address the issue of causality, and our comments (ENVIRON 1997, attached) in
which we address the quantitative risk assessment employed by the Agency in proposing the new
PM NAAQS.

2Although the three cohort studies of air pollution (i.c., the Harvard 6-Cities study (Dockery et al.
1993), the California Seventh Day Adventist study (Abbey et al. 1991, 1993, 1995), and the American
Cancer Society study (Pope et al. 1995), incorporate some individual lifestyle data such as smoking , they
also imply that central measurements of air pollution are valid for individual cases (see discussion of ecologic
fallacy in Section III).
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I. ARGUMENTS FOR CONSIDERATION
OF ALTERNATIVE INTERPRETATIONS

As previously stated, the weakness of the association between measures of PM exposure
and the adverse health outcomes cited as resulting from those exposures casts doubt on the
attribution of causality to PM. Although the identification of the limits that bound “weak”
associations is open to some debate, relative risks between 3 (Wynder 1987) and 2 (Greenberg et
al. 1997) are considered weak; those less than 2 as very weak. The importance of weak
association is that the closer the risk ratio is to one, “the more likely it is that choice of the
comparison standard, bias, confounding, or inappropriate analysis may explain it, and the
greater the need for thorough understanding of the underlying biological mechanisms” (Wynder
1987). In other words, where measures of risks are high, more reliance may be placed on the
attribution of causality to a specified exposure. For example, the relative risk for lung cancer of
heavily exposed occupational cohorts of chrysotile asbestos workers is 11.8; workers engaged in
the manufacture of polyvinyl chloride have relative liver cancer risks of 12 (Monson 1990). At
the opposite end of the spectrum, however, where associations are weak (i.e., < 2), confidence
may be placed in the outcome measures when endpoints are congruent with predicted biological
effects, and meet the Hill criteria of biological plausibility and coherence. The absence of such
congruence requires that the question “How certain are we that the correct causative agent has
been identified?” be asked. As stated by USEPA (1996b) and many others, (Wilson and Spengler
1996, WolfF 1996) although the measure of relative risk is small, the public health implications of
these associations (if correct) are significant, given the number of people exposed.

In the following, we have illustrated some of the contributing factors to the weakness of
outcome, including the potential for confounding resulting from uncertainties in exposure
characterization (e.g., chemical differences in the composition of contemporary air pollution) and
measurement uncertainty (i.e., the ecological fallacy). This serves as a preface to reviewing
USEPA'’s conclusions regarding causality for PM at current ambient levels in the context of the
Hill criteria for causation. As several comprehensive reviews of the key studies have recently
been published, including USEPA’s Air Quality Criteria Document for Particulate Matter
(USEPA 1996a) and the Staff Paper on which many of USEPA’s conclusions are based (USEPA
1996b), we have not repeated study descriptions here, and refer to the primary literature or
reanalyses as appropriate.
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A. Compositional Issues: Potentially Confounding Roles for Co-pollutants

Particulate matter is not a discrete chemical entity; rather, airborne PM is a heterogenous
mixture of many different chemical species arising from different sources. Fine mode particles
(i.e., PM, ;) are generally derived either from volatilized material§ that have condensed to form
primary particulates, or from precursor gases that undergo chemical reactions or condense onto
existing particulates while suspended in the atmosphere. Precursors of fine mode particles include
sulfur dioxide (SO,), nitrogen oxides (NO,), and some organic compounds. Secondary PM is
derived from the reactions of hydroxyl (OH), ozone (O,), and hydrogen peroxide (H,0,) with the
precursors during periods of relatively high temperature and sunlight, or in fog. Coarse mode
particles result from nonanthropogenic sources (e.g., pollen and sea spray), the breakdown of
crustal matter creating fugitive dust, and other anthropogenic activities including farming, mining,
and construction.

In general, under low relative humidity conditions, particles with diameters smaller than
1 um are considered fine mode particles, and particles with diameters greater than 2.5 um are
contained in the coarse mode fractions. When the relative humidity is high, however, waters of
hydration increase the apparent diameter of particles to such an extent that particles whose
original mean mass diameters measured less than 1 um are found in the small size tail of the
coarse fraction (i.e., PM, or larger) . Thus, emissions from identical sources may “mature” into
very different particle size distributions depending on weather conditions over geographical
regions, and adjusting for relative humidity to more accurately measure exposure may have a
significant impact on risk measures.

Several investigators have attempted to control for the effects of weather with varying
degrees of success (HEI 1995, 1996), Moolgavkar and colleagues (1995a,b, 1996, 1997), Wyzga
and Lipfert (1995a). Noted in their studies has been the dependence of outcome measures on the
manner in which weather variables such as temperature and humidity covary with pollutants and
thus contribute to the apparent correlation between exposure and outcome. For example,
although mortality varies seasonally in all climates (Lipfert and Wyzga 1995a), the introduction of
air pollutants into seasonal mortality evaluations adds complexity because the relative prevalence
of pollutants differs among seasons in temperate climates (e.g., high levels of CO in winter and
high levels of ozone in summer). The potentially confounding effects of weather and season have
been demonstrated by Moolgavkar and his colleagues (1995a,b) and HEI (Phase 1) as attenuators
of significance for some combinations of pollutants (e.g., PM, SO,), and persistence of effects for
others (e.g., ozone in Minneapolis (Moolgavkar 1997)) for hospital admissions as measures of
morbidity.
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Recently, Davis et al. (1996) have reconstructed the mortality data for Birmingham,
Alabama reported by Schwartz (1993), and performed an independent analysis incorporating
alternative modeling strategies. When considering three-day PM,, averages, some of their results
were in substantive agreement with those presented by SchwartZ i.e., a statistically significant
association between PM,, exposure and mortality outcome. However, this result appears to be
highly sensitive to the form of the model used to perform the analysis. When all the model
uncertainties were considered, incorporation of terms accounting for relative humidity resulted in
disappearance of the significance of the PM, - morbidity outcome. Whether the attenuation of
effect measure is an artifact of model specification, or an accurate descriptor of the influence of
meteorological conditions on potential risk is not clear. Nonetheless, the observations of Davis et
al. are consistent with those reported by other investigators (Moolgavkar et al. 1995, 1996,
Lipfert and Wyzga 1996a,b), and imply that there is a significant potential for weather conditions
to confound potential associations between pollutants and measures of mortality or morbidity.

In addition to the role of temperature and relative humidity, it is clear that fine particles
(PM, ) arise, in part, from reactions of precursor gases many of which persist in urban airsheds
and contribute to the total exposures experienced by the populations evaluated in the
epidemiologic studies. PM, s precursors are thus not only sources, but also covariates in these
analyses.

Attempts have been made by original investigators (reviewed by HEI 1996a, Lipfert and
Wyzga) as well as individuals (Moolgavkar et al. 1995a,b, 1996, 1997. Lipfert and Wyzga
1995a,b) and organizations (HEI 1995) to dissect the potential confounding effects of colinear
pollutants and differential measurement error from PM. Chief among these are reanalyses of parts
or all of the Six City study (Dockery et al. 1993), especially Philadelphia and Steubenville
(Moolgavkar and colleagues, 1995, 1996; HEI 1996a,b). In many cases the associations between
ozone, sulfur dioxide, or carbon monoxide and adverse health outcome can be as important, or
even more important than PM measured in total or as a mass fraction. These studies have shown
that in most cases, when attempts are made to include more than one pollutant in multiple
regression analyses, the effects of PM (or PM,, or PM, ) attenuate, and different pollutants
appear to retain robustness of association.

For example, in the first of his series of reanalyses, Moolgavkar et al. (1995a) revisited the
Steubenville component of the study reported by Schwartz and Dockery (1992) with two goals:
(1) to replicate the published findings; (2) to reanalyze the data set after considerations of various
data recombinations. Schwartz and Dockery had reported that PM was significantly associated
with daily mortality in Steubenville, with the association persisting even after adjustments for the
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effects of weather, with no attenuation of the magnitude of effect when PM and sulfur dioxide
were considered simultaneously.

Moolgavkar and his colleagues collected Steubenville daily death data from mortality
tapes of the National Center for Health Statistics for the years 1974-1984 inclusive. Deaths due
to accidents were excluded, leaving two distinct data sets for analysis: (1) “total” mortality, which
represented all deaths (excluding accidents) occurring in Steubenville; and (2) “restricted”
mortality, which included all deaths (excluding accidents) occurring in the area defined as
Steubenville in-individuals classified as Steubenville residents. Moolgavkar et al. point out that it
is not clear which mortality data set was used by Schwartz and Dockery, despite personal
communication from Schwartz that restricted mortality was employed. Daily weather information
and air pollution data were in good agreement with that used by Schwartz and Dockery.

Statistigal analysis of the data sets also differed. Although Moolgavkar et al. employed
the generalized éé'timating equation (GEE) approach used by Schwartz and Dockery, they also
evaluated a number of Poisson regression models. The latter method resulted in similar parameter
estimates but different standard errors and confidence intervals when compared to the results
obtained by the GEE approach of Schwartz and Dockery.

The differences in errors and confidence intervals led Moolgavkar et al. to alternative
interpretations of the data. For example, reanalysis of the full-year (all seasons) data, with TSP as
the only covariate, resulted in a significant association with mortality using a one day lag, with a
relative risk per 100 ug/m® of 1.029 (95% CI = 1.007-1.051); this result was in good agreement
with that reported by Schwartz and Dockery (1992). However, Moolgavkar et al. found that
including both TSP and sulfur dioxide reduced the TSP effect to a level that was no longer
statistically significant. Schwartz and Dockery’s findings of a significant TSP effect regardless of
inclusion of sulfur dioxide in the model could only be reproduced if GEE methods and the
continuous monitoring data sets for sulfur dioxide were used. Because Schwartz and Dockery
(1992) acknowledge that the continuous monitoring data set was flawed due to measurement
problems, Moolgavkar et al. questioned the validity of the previous investigators’ findings.

When the Steubenville data were reanalyzed by season, inclusion of sulfur dioxide as a
covariate again attenuated the effects of TSP on mortality. Mortality was significantly affected by
temperature, with the highest mortality observed in the lowest quintile of temperature (the coldest
days of fall and winter); mortality aiso appeared to increase in the highest quintile of temperature
(i.e., summer), although the result was not significant. Schwartz and Dockery found winter and
spring mortality to be significantly higher than that in the fall and summer.

Moolgavkar et al. interpret their own findings as demonstrating a lack of robustness in the
inferences drawn from the previous analysis of the Steubenville data. They cite the dependence of
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outcome on model selection (i.e., Poisson or GEE) and the fact that weather and pollution
variables explain only a small fraction of the daily deaths as a sensitivity of the analyses to
measurement errors. Their interpretation of their own findings is that the Steubenville analyses
are “consistent with wéak associations between weather and air'pollution and mortality.”
Further, they caution that “in view of the instability of the results, consistency with the results of
analyses in other cities must be sought before any firm conclusions can be drawn.” As a result,
aithough they observed an association between air pollution and daily mortality, Moolgavkar and
his colleagues concluded that singling out one particular component of air pollution (e.g., TSP) as
responsible for the observed increase in mortality would be premature.

In a second study, Moolgavkar et al. (1995b) reanalyzed the data for Philadelphia
originally studied by Schwartz and Dockery (1992b). Information on all daily deaths in
Philadelphia, excluding accidents and suicides, was obtained from mortality tapes of the National
Center for Health Statistics for the years 1973 to 1988 (inclusive). In contrast, Schwartz and
Dockery excluded deaths among individuals who commuted daily into the city for jobs and died
there. Deaths were examined in a full-year analysis, as well as in a seasonal analysis. Moolgavkar
and his colleagues extended the years of observation from 8 to 16 years, thus nearly doubling the
size of the data base. Air pollution data on TSP, sulfur dioxide, and ozone were obtained from
EPA’s Aerometric Retrieval Service, with average daily readings from all of the monitoring
stations used in the analysis. Like Schwartz and Dockery, Moolgavkar et al. employed Poisson
regression methodology to evaluate the degree to which the previous day’s pollution variables
(TSP, sulfur dioxide, ozone) were associated with the daily mortality.

Moolgavkar et al. found that when TSP and sulfur dioxide were examined individually,
each was associated significantly with mortality, regardless of the season. Ozone, however, was
associated with mortality only in the summer. When pairs of pollution covariates were evaluated,
the effects of TSP were markedly attenuated by the addition of sulfur dioxide to the analysis.

TSP effects were also attenuated in the summer when ozone was considered. In contrast, the
association of sulfur dioxide with daily mortality persisted in spring, fall, and winter, even when
TSP or ozone was included as a covariate. When all three pollution covariates were considered
simultaneously, the association of ozone with mortality persisted in summer with a relative risk of
1.15. Similarly, the association of sulfur dioxide with mortality persisted in spring, fall, and
winter. TSP was non-significant in all seasons; although the confidence intervals widened, relative
risks remained essentially unchanged. Moolgavkar et al. indicate that when they evaluate data for
Philadelphia residents only, as did Schwartz and Dockery (1992b), similar findings resulted.

Thus, Moolgavkar and his colleagues found that the association between air pollution and
mortality in the Philadelphia cohort study is partly attributable to ozone in summer and to sulfur
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dioxide in the other seasons, but not to particulates, and commented on the consistency of this
conclusion with their reanalysis of the Steubenville data, which also failed to support the
particulate mortality hypothesis. They conclude by stating that “a specific component of air
pollution cannot be singled out as being responsible for the association between air pollution
and mortality.”

In a review of the key studies of urban airsheds that have examined the relationship
between particulate air pollution and mortality, Moolgavkar and Luebeck (1996) report having
been “struck by the fact that most of the epidemiologic studies have focussed on the particulates
and sulfur dioxide to the exclusion of other pollutants.” They further indicate that although the
majority of the epidemiologic studies are not inconsistent with association between particulates
and mortality, this association currently exists in the absence of biological plausibility, because the
toxicologic data from laboratory animal experiments or controlled human exposures, even at
levels significantly higher than the NAAQS, do not result in adverse health effects attributable to
particulates. Moolgavkar and Luebeck then conclude their review by stressing the importance of
identification of the biological mechanism(s) behind the effects, and caution that the very weak
associations put forward by others in the face of potentially confounding copollutants and
seasonal influences preclude establishing a causal relationship between particulate exposure and
increased mortality at the present time.

In a second group of studies (HEI 1995), in response to interest from the regulatory,
industrial and environmental communities, HEI sponsored an independent and objective review of
the data supporting suggestions that exposures to PM may cause increased mortality and
morbidity from respiratory and cardiovascular diseases. Data sets were submitted by the original
investigators of the selected studies (i.e., Dockery, Fairley, Pope, and Schwartz); Moolgavkar
joined the study at a later stage and supplied the data sets that he employed in his reanalyses of
Philadelphia mortality. Phase 1 was designed to replicate the results from six key studies and to
test the sensitivity of the original results to alternative analytic approaches; Phase 2 will extend the
reanalysis to a broader group of studies and focus on the public health implications of the impact
of PM on lost years or quality of life; it is currently underway.

In Phase 1, the HEI-sponsored team attempted to (1) reconstruct the data base for the
Philadelphia mortality study of Schwartz and Dockery (1992a) for the years 1973-1988 and to
confirm the findings of the original investigators; (2) develop an overall strategy for reanalysis and
interpretation of data from the other studies based on the reanalysis of the Philadelphia data;

(3) apply the new analytical strategy to individual data sets from mortality studies of Philadelphia,
Utah Valley, St. Louis, Eastern Tennessee, Birmingham, and Santa Clara; and (4) complete a
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sensitivity analysis of alternative modeling strategies and approaches for the consideration of
potential confounders (e.g., weather).

The Philadelphia study was selected because of the apparent inability of two independent,
well-respected groups of investigators (Li and Roth (1995) and Moolgavkar et al. 1995b) to
reproduce the original results reported for that study. One hypothesis for the failure to replicate
findings was that use of different, but partially overlapping data sets by the different groups
(e.g., Moolgavkar et al. analyzed 8 more years of data than Schwartz and Dockery) may have
contributed to quantitative (and in some cases, qualitative) differences in outcomes.

Using the same publicly available data bases employed by the original investigators, the
HEI-sponsored team were able to reconstruct a data set for weather and mortality that closely
matched that of Schwartz and Dockery. Likewise, the HEI team were able to fairly closely
reconstruct the data set developed by Moolgavkar et al., although, for reasons that are not clear,
the match for reconstructed mortality data was less close. In addition, the reconstructed air
pollution data differed somewhat from the TSP data of Moolgavkar et al. and the SO, data of
Schwartz and Dockery (i.e., when analyzing Moolgavkar et al.’s data set, the coefficient for TSP
was 30 percent lower than that reported by the original investigators). These minor differences
had little impact on the conclusions drawn by the HEI team, close agreement with the findings of
both the original investigators and Moolgavkar et al. resulted, with only minor differences in the
magnitude and statistical significance of the association between TSP and increased mortality in
the presence of SO,. The HEI-team noted that simultaneous consideration of TSP and SO, in the
original data set resulted in an approximately 40 percent decrease in the magnitude of the TSP
effect, with persistence of its statistical significance. Moreover, analysis of the original data set
indicated higher mortality following exposure to both TSP and SO, for people over the age of 65,
consistent with the hypothesis that the acute effect of PM on mortality may be due to the
exacerbation of preexisting disease in people with compromised health (Spix et al. 1993; Seaton
et al. 1995, see discussion of Biological Plausibility).

The HEI-team developed a statistical approach to test the association of daily mortality
with daily air pollution and weather variables. This technique, the iteratively weighted and filtered
least-squares (IWFLS) model, is capable of evaluating the primary association of interest
(i.e., mortality vs. indices of PM), while controlling for the potential confounding effects of
weather, and adjusting for potential overdispersion and autocorrelation of dispersion variables.
(Overdispersion refers to the presence of a greater than expected variance in mortality counts
when evaluated with the Poisson model; autocorrelation refers to the likelihood of two or more
consecutive days having similar air conditions.) The IWFLS model produced no important
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difference in effect estimates relative to those obtained by the more standard models employed by
the original investigators.

Application of the IWFLS model to the other five-city data sets yielded results in close
agreement with those ffom the earlier analyses (e.g., that positivg associations were observed
between exposures to TSP and daily mortality in all six locations; statistical significance was
observed in all but Eastern Tennessee). It also confirmed Moolgavkar et al.’s observations that
the effects of TSP and SO, on mortality had seasonal components, with TSP exerting more
profound effects in summer and fall, and SO, in the winter and spring.

Thus, the HEI reanalysis of data from six locations in the US as part of Phase 1 indicates
that daily mortality, whether from cardiovascular and respiratory causes, or from all causes
combined, increases with increasing levels of particulate air pollution. Unlike Moolgavkar et al.’s
overall findings, HEI’s more detailed analysis for Philadelphia suggests that the association
between air pollution and mortality “represents an independent effect of particles alone.”
Because particulate air pollution was measured as TSP, it is not possible to further differentiate
the portion of the particulate distribution (i.e., PM,, or PM, ;) most likely responsible for such an
effect.

Recently, HEI issued an abstract in draft form (HEI 1996), outlining the results of their
Phase “1B” analysis of the Philadelphia data which differs from Phase 1 in that it is an independent
analysis of the data from 1974-1988 rather than a validation of the data sets and analytical
methodology employed by the original investigators and Moolgavkar et al. (1995b).

Using the statistical methodology developed as part of Phase 1, the HEI team evaluated
the data on TSP, carbon monoxide (CO), SO,, NO,, and O, in the context of weather trends to
determine potential effects on mortality for the city of Philadelphia. Their results indicate that the
concentrations of TSP, SO,, NO,, and CO were moderately correlated with each other over time;
mortality was significantly increased on the same and following day when levels of TSP, SO,, and
O, were increased; and that when considered individually, increased exposures to TSP and ozone
yielded statistically significant increases in mortality. When TSP and SO, were considered
simultaneously, however, the response to both pollutants attenuated, and neither pollutant
exhibited a statistically significant association with increased mortality. When all pollutants were
considered simultaneously, significant associations were found for exposures to SO, and ozone,
and the effect of TSP, slightly lower than when evaluated individually, was marginally significant.
When the data were stratified by season, age group (< 65 years, 65-74 years, and > 75 years), and
cause of death (i.e., total, cardiovascular, respiratory, and residual causes), the HEI team
discovered that TSP exerted the strongest effect in the spring and summer, although ozone
appeared to have the most effect in winter and fall when all pollutants were considered together.
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The oldest age category appeared to be the most sensitive group to effects of TSP. They further
determined that ozone consistently appeared to be statistically significantly associated with each
cause of death category for all age groups.

Based on this analysis, HEI concluded that “a single pollutant...cannot be readily
identified as the best predictor of mortality.” They further concluded that results of regression
models based on data from single locations could not be used to determine the effects of an
individual pollutant on mortality; rather, it would be necessary to assess effects across locations
having differing pollutant mixtures. Phase 2 of the HEI-sponsored analysis will simultaneously
consider multiple air pollutants in other cities; we await its results with interest.

The results of the Phase 1B analysis differ from those of Phase 1 in that the only pollutant
that appeared to have an independent effect on mortality is ozone; PM as measured by TSP, SO,,
or CO could each contribute to the adverse health outcome, but do not appear to be acting
independently, possibly because of the degree to which levels of these pollutants are correlated.
Nonetheless, the HEI team’s preliminary conclusions support the existence of associations
between air pollution, particulates, and increased mortality, although their studies had not so far
provided additional clarity on the specific particulates that may be causally involved in toxicity.

In addition to the Moolgavkar set of studies, we have previously discussed the reanalysis
of morbidity and mortality in Birmingham by Davis et al. (1996) in which accounting for increases
in relative humidity attenuated the effect of PM,,. Schwartz had reported an increase in hospital
admissions for pneumonia and chronic obstructive pulmonary disease (COPD) associated with
PM and less strongly associated with ozone (Schwartz 1994a). Ina related study, he found that
admissions for pneumonia and COPD were associated with both PM,, and ozone air pollution in
Minneapolis-St. Paul (Schwartz 1994). :

Moolgavkar et al. (1997) have also revisited these data sets to determine the effects of
copollutants and weather on hospital admissions for COPD and pneumonia in the elderly.
Pollutants considered by Moolgavkar et al. included PM,,, SO,, NO,, O, and CO (Minneapolis-
St, Paul) and PM,, O, and CO in Birmingham. After adjusting for temperature, day of the week,
season, and temporal trends, little evidence was found to associate air pollution and hospital
admissions in Birmingham. In contrast, hospital admissions in Minneapolis-St. Paul were
associated with air pollution components. Among these, O; was most significantly associated
with admissions, with a 5.15% (CI= 2.36-7.94%) increase per 15 ppb increase in ozone level.
The authors consider this association robust because its magnitude varied little when considered
simultaneously with other pollutants. Although PM,,, SO,, and NO, were also associated with
hospital admissions, none could be singled out as more important than the others. It is apparent
that different analyses of the same, or closely related data sets (Moolgavkar et al. extended the
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time frame of the two Schwartz studies by adding two more years of data) by different models
(i.e., Davis et al. and Moolgavkar) yield different results (see Table 1).

The conclusions of these many reanalyses, exemplified most recently by the comparison of
the results in Birmingham and Minneapolis-St. Paul, and earlier in the work of the Moolgavkar
and his colleagues, as well as the HEI-sponsored studies, are two-fold. The first observation is
that apparent consistency may be an artifact of model selection and analytical technique. In many
cases, the attribution of significance to one pollutant may be attenuated or eliminated by
reexamination of the data with alternative models whose fit is equally good as that of the original
investigators (e.g., the inclusion of relative humidity in the model by Davis et al.). This
observation alone requires the careful consideration of alternative hypotheses.

Secondly, even when there is no attenuation of overall association between air pollution
and adverse heglth outcome, a different pollutant often appears to be responsible for the increase
in relative risk. Il some cases, measures of particulate, such as TSP or PM,, appear to have the
most affect on mortality; in others, ozone or SO, appears to play a more significant role. Given
the degree to which model selection and model inputs influence outcomes, it is premature to
attribute causality to PM, ;, or perhaps to any component of air pollution.

When viewed as a group, the reanalyses outlined here present a logical, methodical
analysis of each of the data sets. In the case of the Philadelphia and Steubenville data sets,
Moolgavkar et al. demonstrated that although there appeared to be a relationship between TSP
and mortality, estimates of its magnitude were strongly affected by the consideration of
copollutants such as ozone and sulfur dioxide. The studies of Davis et al. demonstrate that the
consideration of relative humidity can attenuate the PM effect to non-significance.

Considered together, the reanalyses of Moolgavkar et al., the HEI group, and Davis et al.
illustrate the many uncertainties that exist in the use of weak epidemiological responses in
establishing cause-effect relationships. Alternative analytical methods support a link between
mortality and air pollution in general, or perhaps particulates, but also imply that the relationship
between PM and mortality may not be as robust as initially reported. Thus, although these
reanalyses do not always refute positive associations, they strongly suggest that the relationship
between particulates and mortality is complex and highly dependent on which analytical methods
are employed, the presence and consideration of copollutants, and measures of weather and
seasonality. In the context of setting new NAAQS, however, perhaps the most important point to
note is that none of the carefully performed studies were able to make a causal association
between PM, 5 and increased mortality or morbidity.
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Table 1
Examples of PM-Associ P A ion when Cop are C ed
Exposures Considered
Study i Endpoint PM | PM/W | PM/O, PM/ PM/ PM/O, | PM/Oy
so, | oyso, | so,w | so/N
0,
Steubenville
Dockery and Schwartz 1992 | mortality + + ne a' nc nc na
Moolgavkar et al. 1995 mortality + -a nc -a nc a na
Philadelphia
Dockery and Schwartz 1992 | mortality + + nc al nc nc na
Moolgavkar 1995 mortality + +S -ain8 -a, -a +0,S
except +8S0, sp
S +80,w
Birmingham
Schwartz 1993 mortality + +S ne nc nc ne na
- Sp,
fw
Schwartz 1994 pneumonia/ + + ne ne nc nc na
COPD
Davis et al. 1996 pneumonia/ + - na na na na na
COPD
Moolgavkar et al. 1996 pneumonia/ - - + - - - na
COPD
Minneapolis/St. Paul
Schwartz 1994 pneumonia/ + + - a' nc nc na
COPD
Moolgavkar et al. 1997 pneumonia/ + + +a a O, robust a +0,
COPD others: a =
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Table 1
Examples of PM-Associated Response A jon when Copoll are Considered
Exposures Considered
Study " | Endpoint M {pMw | Pwo, | P | PM | PWOY | PMWIOY
so, | oyso, | so,w | so,N
01

PM = TSP for Steubenville, Philadelphia

PM =PM,, Birmingham, Minneapolis-St. Paul
PM/W = PM and weather considered simuitaneously
COPD = chronic obstructive pulmonary disease

+ = Statistically signficant association noted by authors

- = no statistical signficance

a = attenuation of effect noted compared with PM considered with any individual or multiple co-exposure.
nc = not considered

na = not applicable

! TSP association independent of SO,, but not vice versa
S = summer, sp = spring, f = fall, w = winter
= PM,,, SO,, NO, effects approximately equivalent

B. Measurement Uncertainty and the Ecological Fallacy
Even if the differences in the components of air masses among the studied regions and
populations were well characterized, there is still the question of the degree to which population

measures can be applied to individuals. As previously mentioned, almost all of the epidemiologic

evidence linking exposure to particulates with morbidity or mortality are ecological, in which
population, but not individual, exposures are characterized’.

Epidemiologists have traditionally assumed that ecological studies should be used to
generate hypotheses, and not test them. In fact, there is a body of literature on the “ecological
fallacy” (e.g., Schwartz 1994; Brenner et al. 1992; Greenland et al. 1989; Piantadosi et al. 1988;
Richardson et al. 1987), which is defined as the observation that associations observed at the
aggregate level (i.e., populations) may not apply either to individuals within the group, or to
individuals across groups. In their seminal paper on the ecological fallacy, Piantadosi and

£

colleagues (1988) caution that “the conseq es of confounding bias in the ecological analysis

3 Measures of air pollutants are gathered from stationary samplers set up in central areas (or up- or
down-wind of emitters). In general, the time series studies obtained measurements from multiple samplers in

each city; the prospective studies employed one sampler per city. These units collect samples of air onto
various substrates that are then typically analyzed for mass, particle number and size distribution, and
elemental composition. The composition of the air mass is inferred from these analyses.
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are more severe [than for individual level analyses]. With respect to inferences about
individuals, the proposed role of ecological analyses is to generate new hypotheses which must
then be tested using more appropriate experimental or observational methods.” They further
caution that inferences regarding the applicability of exposure/ofitcome relationships should be
confined to the observable range for putative linear and non-linear exposure-response
relationships. Gamble and Lewis (1996) have also reiterated the need to comment on the utility
of confirming hypotheses raised by ecological studies with additional “hypothesis-generating”
studies.

By using measures of population exposures, ecological studies introduce a form of bias, or
potential systematic deviation from the “true” exposure:response relationship. For example, if
measures of population exposure consistently overestimated individual exposures to the true
causal agent, extrapolated risk estimates would understate true risk to the individual (i.e., the
“potency” of the causal agent would appear to be lower); conversely, if population exposures
were underestimated, extrapolated estimates of individual risk would be overstated (i.e., the
“apparent potencies” would be high).

The question then arises if the ecological nature of the studies introduces a predictable bias
in the prediction of risk to the individual in either direction (i.e., to systematically increase or
decrease apparent risk), and if it would be possible, after the fact, to reconstruct the individual’s
exposure or at least determine whether exposure had been over- or under-stated. Piantadosi et al.
(1988) concluded that no consistent prediction could be made for the direction of the bias
introduced by ecological studies.

Brenner et al. (1992) have examined a specific case of potential bias by evaluating the
effects of nondifferential exposure misclassification in ecologic studies to determine the direction
of the introduced bias. (Non-differential misclassification is defined as the equal probability of
misassigning individual exposure in all study groups). They concluded that although the effect of
non-differential misclassification tends to bias towards the null in studies of individuals
(i.e., decrease apparent risk), the opposite effect is likely when ecologically derived rate ratios are
applied to individuals. In other words, if individuals in an ecological study are misclassified as
“exposed”, (e.g., experiencing the same exposures as measured in a community sampling device)
when, in fact, they are not, the effect of the bias would be to overestimate the exposure:response
relationship or make the exposures appear to be more “risky” than it actually is. Others (as
reviewed by Gamble and Lewis 1996) agree with Piantadosi that it is not possible to predict the
direction of the potential bias.

Thus, it is not possible to predict whether ecologic studies quantitatively over- or under-
predict individual exposures. For any given study, the error may occur in either direction; for the
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body of evidence, both under- and over-prediction may have occurred. The interpretation of the
effect of measurement uncertainty in the face of the small increases in relative risk observed in the
epidemiologic studies is difficult. It may be that if appropriate corrections were made to
compensate for the differences in individual vs. group exposuresthe apparent risk ratios could
increase; alternatively, attenuation of effects may also result.

The implication of this general observation for estimates of PM-associated risk is that
given the uncertainties in estimating individual exposures, even if measures of air pollutants at
central monitors were well-characterized with respect to particulates (including PM, ), it is still
not possible to predict the exposures of individuals potentially at risk for adverse health
outcomes. Without such exposure measures, it is not possible to state whether an individual
dying or experiencing respiratory difficulty during the lag-period following a high-pollutant
episode was indeed exposed to either a) outside air, or b) an elevated level of any specific
pollutant (i.e., ozone, PM, ; or PM,). Further, it is also not possible to determine whether the
individual exposures are likely to be over-or under-predicted; thus, we can not begin to determine
whether we have under- or -over predicted risk. Therefore, given the inability to characterize
exposures on an individual basis, the attribution of a causal relationship between exposure to any
specific pollutant and the individual’s life or health status is, at best, overstating the confidence
that can legitimately be placed on the data.

1. Exposures

Review of the empirical data correlating community sampler measurements with
individual exposures indicates that the former rarely provides a good estimate of individual
exposures. The early study of Spengler et al. (1981) demonstrated that there was almost
no correlation between outdoor PM,, concentrations (as measured by ambient samplers)
and personal exposures in the cities included in Dockery et al.’s Six City Study data. For
example, in each of the cities except Steubenville, indoor exposures significantly exceeded
outside exposures to respirable particulate (i.e., PM;,). Moreover, the presence of a
smoker in the house provided the dominant source of indoor air pollution. Homes with
one smoker had mean increases in indoor particulate by 12 pg/m®; two or more smokers
increased the mean by 46 pg/m®. Other contributors to the level of indoor particulate
were seasonality, activity levels, air conditioning, and ventilation.

The authors concluded that their data demonstrated the inherent difficulties of
extrapolating an individual’s exposure to respirable particulate matter from ambient
monitoring of the geographic area. The latter reflects differences in emission sources and
strengths, meteorologic conditions, and background air mass, while the former is more
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closely associated with personal activities (which may generate more particulate, especially
PM, ), indoor sources such as stoves (which may generate more NO,), and the ventilation
characteristics of individual homes (tightly sealed houses tend to concentrate indoor-
generated compounds and inhibit the infiltration of outdSor pollutants). Interestingly,
sulfate levels indoors were lower than at sites immediately outside homes or at central
monitoring stations (which correlated well), presumably because of the low potential to
generate sulfates within the home. Thus, outdoor ambient monitors poorly represent the
qualitative and quantitative nature of individuals’ exposures.

More recently, a joint study between USEPA’s Atmospheric Research and
Exposure Assessment Laboratory (AREAL), the State of California’s Air Resources
Board (CARB), the Research Triangle Institute, and Harvard University (Ozkaynak et al.
1996) evaluated personal exposures to particles and metals in Riverside, California.
Estimates of exposures from ambient monitors were compared with outdoor
concentrations near homes (backyard samples), and then compared with measurements
made from stationary indoor and individual samplers worn by the 178 participants in the
study (personal samples). Participants were non-smokers and ranged in age from 10 to
70. The results of this study indicated that central and backyard measurements were
reasonably well correlated, implying that for this population at least, quantitative estimates
of particulate mass (expressed as PM,,) were reasonably well-correlated with stationary
indoor monitors. Particle samplers worn by individuals over the course of the day,
however, indicated that an excess mass of particles or “personal clouds” were experienced
by the participants. Population-weighted daytime personal PM,, exposures were
150+9 ggfm’ (mean and standard error), compared with concurrent indoor and outdoor
concentrations of 95 * 6 pg/m’®.

Based on elemental analyses, the authors determined that more than half of the
indoor particles were generated outdoors, but the remaining particles were of unknown
origin, although it appeared that the aerosol collected by personal monitors was of the
same general chemical composition as the indoor aerosols. The elemental analysis also
suggested that particulates in the personal cloud consisted largely of the coarse fraction
and a portion of the fine fraction, but probably did not include particulates below 1 um.
Thus, it is likely that for this group of individuals, personal clouds of particles were
generated as part of indoor day-time activities; levels were lower at night when individuals
slept or presumably participated in lower particle-generating activities.

The authors concluded that although outdoor concentrations of particulate near
homes were well correlated with central site measurements, indoor concentrations were
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only weakly correlated with outdoor concentrations, and “personal exposures were even
more poorly correlated with outdoor concentrations”. As people spend much of their
time indoors, centrally located outdoor monitors have limited utility as predictors of
quantitative or Qualitative individual exposures, and the €cological fallacy holds (i.e.,
overall population measures of exposure are not closely associated with individual
measures). This observation has been repeated consistently since Spengler’s work in 1981.

In preliminary reports, Koutrakis et al. (1997) have also observed that in temperate
climates (e.g., Boston and Nashville) the relationships between personal exposure to PM
and outdoor measures, differentiated as either PM,, or PM, , are poorly correlated. Less
correlation (on a mass basis) is observed in winter, when houses tend to be closed, than
summer (r= 0.39 and 0.69, respectively for PM, ;; for PM,,, no significant correlation was
observed in winter, r=0.46 in summer). It is notable that these studies were conducted
with volunteers suffering from chronic obstructive pulmonary diseases (COPD),
populations likely at highest risk (see Biological Plausibility) of morbidity (exacerbation of
symptoms) or mortality. We look forward to the completion of these studies, their
submission for peer-review, and incorporation into USEPA’s overall assessment of risk.

Another important but unanswered question is the degree to which measures of
outdoor air pollution correlate with personal exposures in hospitals, in which the
relationship between outdoor and indoor air is less-well correlated due to filtered HVAC
systems. The implications of the lack of representativeness of outdoor exposure for
increased mortality are significant, especially when considered in the context of mortality
displacement in compromised individuals, given the qualitatively different nature of
potential exposures inside hospitals and at outdoor central monitoring stations (see also
discussions of Biological Plausibility and Coherence).

In a preliminary report, Lillquist et al. (1996) have shown that the correlation
between central monitors of PM in the Salt Lake Valley and three hospitals in the Valley
was a function of degree of pollution. At low pollution levels, recorded PM,, levels at
hospital roof-tops were approximately equal, but the hospital monitors indicated less
particulate matter than the central monitors as the pollution rose. More important,
however, to the issue of individual exposures and outcomes, was the degree to which
inside monitors at the hospitals varied in their descriptions of PM levels at individual sites,
and the lack of prediction of those measurements by outdoor monitors. Clearly, for deaths
among hospitalized individuals (see discussion of Sensitive Sub-populations in the
Biological Plausibility section), central monitors do not adequately describe patient’s
exposure experiences.
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Thus, the differences between individual and ambient measures of exposure may
bias epidemiologic studies, although as previously stated, the direction of the bias cannot
be determined without individual measurements. Individuals living in geographic areas
that are low in particulate pollution, by virtue of living in"houses with different
construction and ventilation patterns, the presence of smokers, or other lifestyle
differences, may have relatively high exposures to particulates. Conversely, individuals
living in areas with apparently high levels of pollution, may for similar reasons (i.e., well-
sealed homes with air conditioning) experience lower pollution levels. In order to
diminish the effects of potential misclassification, a better understanding of the extent of
individual exposures needs to be developed, particularly for those individuals classified as
“susceptible” (i.¢., individuals with pre-existing respiratory or cardiac ailments).

The implications of potential misclassification are critical not only for determining
causality, but even if causality were assumed, for the evaluation of dose-response (see
accompanying submission on the Qualitative Risk Assessment (ENVIRON 1997). Given
the potential for individuals to experience a “personal cloud” of particulate matter, it is
likely that outdoor monitors obscure the true relationship between such exposures and
individual health outcomes, especially for COPD patients (the ongoing Koutrakis research
is critical for characterizing such exposures). Moreover, if all individuals are exposed to a
“personal cloud” of particulate matter on a daily basis that is unrelated to outside
measures of PM (or other pollutants), the imposition of a linear-relationship between
exposure (as measured from central monitors) and outcome in the quantitative risk
assessment is likely incorrect and misleading.

2. Other Risk Factors

Lipfert and Wyzga (1995a) point out the disadvantage of extrapolating from
population to individuals for measures of otehr risk factors as well as exposures. The
increase in morbidity or mortality in population-based studies (e.g., those that compare
groups across residential communities) may be due to some characteristic of the
community that is not related to air pollution. It could be, for example, a function of the
socio-economic status of one city relative to another, with lower status correlating with
less access to medical care or less attention to life-style choices such as individual
smoking, exercise, or dietary habits. The inhabitants of Watertown, Massachusetts, a
suburb of the coastal Boston, could easily differ in lifestyle and dietary intake from those
of Portage Wisconsin, a more agricultural community in a high dairy consuming area.
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The cross-sectional cohort studies, by virtue of having more information on
individuals’ personal characteristics and risk factors, may be less subject to the influence of
ecological assumptions persisting to individuals, although they remain ecologic studies by
virtue of having no individual measures of pollutant exp6sures. In the Six City study,
Dockery et al. (1993) accounted for age, sex, active smoking, body mass and education,
and found them all significant contributors to the association between exposures to PM,
and SO, and mortality. Pope et al. (1995) in their prospective study of ACS respondents
corrected for age, sex, race, active and passive smoking, education, body mass, alcohol
consumption, and some occupational exposures, and found significant influences on
associations between SO, and PM, s for age, sex, race, and active smoking. Lipfert and
Wyzga (1995b) reanalyzed some of these data to demonstrate that the “ecological
regressions” were highly dependent on the covariates included in the regression. As
variables related to socioeconomic status were entered into their regression analyses, the
relative contribution of pollutant exposures decreased to non-significance. Lipfert and
Wyzga suggest that had the original investigators included these variables in their analyses,
similar conclusions might have been reached (i.e., failure to systematically consider
individual risk factors allowed for the persistence of apparent associations between
exposures to air pollutants and increased mortality.)

Thus, careful evaluation of the body of evidence does not allow for the assignment
of causality to the particulate component of air pollution. In fact, application of the
appropriate variables to the data have been shown to attenuate the apparent association
between PM and adverse health outcome to levels of non-significance.

Given the effect of such reanalyses, the coherence and consistency aspects of the
data base used by USEPA as justification of causality are much less compelling. We urge
the incorporation of these, and similar reanalyses into USEPA’s hazard characterization
and to extend such techniques to other key studies so that the appropriate etiologic
agent(s) can be identifted.
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IV. APPLICATION OF CAUSAL CRITERIA IN LIGHT
OF ALTERNATIVE APPROACHES

In this portion of our comments, we consider the key aspects of empirical association for
determining whether an association is causal, i.e., the widely-referenced Hill criteria for causality
(Hill 1958)*. It is important to note that Bradford Hill did not require that all of these aspects or
criteria be met prior to inferring causality, but rather, developed them as guidelines when “an
association [is observed] between two variables, perfectly clear-cut and beyond what we would
care to attribute 10 the play of chance. What aspects of that association should we especially
consider before deciding that the most likely interpretation of it is causation?” '

Of these aspects or criteria, one is clearly necessary, although not sufficient: temporality,
In Bradford-Hill’s words “which is the cart and which the horse?” USEPA implicitly accepts the
temporality criterion, and then relies on the apparent coherence (i.., similar qualitative ranges of
responses) and consistency (i.e., the same magnitude of association) of the evidence across the
body of evidence as being “consistent with expectations based on assuming causal relationships
between mortality and morbidity effects and PM exposure”.

In this discussion, we approach the apparent association between-exposure to PM and
adverse health outcomes with Wynder’s (1987) previously stated caution in mind: when the
strength of the association is weak, additional reliance must be placed in arguments of biological
plausibility in order to have confidence in assigning causality to a particular component, or subset
of components, of the complex mixture of air pollutants. Given that caution, we have approached
the Hill Criteria from the perspective of building a credible biological argument for attributing
causality to PM by considering increasing levels of complexity of response (i.e., biological
plausibility, coherence, and consistency). Dose (or exposure)-response issues are more fully
addressed in our companion set of comments on the Quantitative Risk Assessment (ENVIRON
1997).

A. Biological Plausibility: Is the association one that is grounded in some credible
biological mode of action? '

* These inctude strength, consi y, specificity, temporality, biological gradient (dose-response),
plausibility, coherence, analogy. It is important to note that Bradford-Hill cautions against the rote
application of these aspects to determine causality.
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As previously mentioned, when the strength of association is weak, increased weight is
placed on elucidation of the biological mechanisms that support the observed statistical
associations. Although the issue of biological plausibility or potential mode of action for
individual or combined air pollutants at current ambient levels hs been the subject of significant
research, to date, there is no compelling evidence to indicate that low level exposures to PM, ; or
PM,, can cause such effects.

1. High to Low Dose Extrapolation

For high-level exposures to particulate matter, it is not difficult to hypothesize a
mode of action that involves physical occlusion of respiratory surfaces, or one that induces
or exacerbates cell death at the target site (e.g., low pH). The epidemiological evidence
from the Meuse Valley, Donora, Pennsylvania and the London fog episode of 1955 (as
reviewed by USEPA 1996) and the toxicological evidence from laboratory animal studies
(reviewed by USEPA 1996 and Amdur 1996) leave little doubt that very high exposures
to air pollution or some of its components (e.g., sulfates, sulfuric acid, and high levels of
different size distributions of particulates) can and do cause death or respiratory distress in
individuals with pre-existing cardiac or pulmonary disease, especially among the elderly.
Utell and Framptom (1995) have pointed out, however, that there are no data to suggest
that ambient air pollution is a direct cause of death in healthy people, “even in the most
severe historical episodes”.

Even at the high air pollution concentrations known to cause death, the nature of
the injury responsible for increased mortality is unknown. In the Meuse Valley incident in
Belgium during December of 1930, the concentration of air pollutants became so high that
60 people (and many cattle) died during and immediately after the temperature inversion
responsible for those conditions. Wilson (1997) cites Firket (1931) estimating the SO,
concentrations as being in the range of 25-100 mg/m’. It is interesting to note, however,
that the autopsies of affected individuals indicated only “general irritation and congestion
of the mucosa of the tracheas and large bronchi in the upper respiratory tract” (Wilson
1997). Thus, the nature of the injury and the etiologic agent are not immediately apparent.

The responses noted at lower levels of exposure (e.g., increased mortality,
exacerbation of existing respiratory disease), are not easily or intuitively extrapolated from
high-dose animal exposures. In fact, Amdur (1996) has stated that studies in experimental
animals provide a portion of the data base that should be employed in evaluating the
human health effects of air pollutants if criteria that are sensitive and biologically relevant
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to human responses are used. In this context, she states “Extrapolation from results
obtained on high concentrations is not appropriate” (Amdur’s emphasis).
2. Nature of the Etiologic Agent -

Two questions must be addressed in order to develop a defensible argument for
biological plausibility: (1) What is the nature of the likely etiologic agent? and (2) Can a
credible argument be made for biological responses (i.e., mortality and morbidity) at the
exposure levels likely encountered in ambient air masses?

For the first, it is necessary to identify the physical and chemical properties of the
potential etiologic agent impinging on the target tissue or organ. For air pollutants
encountered in contemporary air pollution, the range includes two overall classes of
pollutants:

1) Particles measured or described as total suspended particulate (TSP),
coefficient of haze (COH), PM,,, PM, ;, and “coarse particles” (i.., the
difference between PM,, and PM, ;); and

(2)  Individual precursors and persisting components including H,SO,, H', SO,,
NO,, CO, and O,, and possibly, metals or organic compounds.

It is important to note that particles are not “inert” substances composed of single
chemical moieties. SO,, for example, can comprise a significant portion of the ultrafine
fraction of particles (Amdur 1996); acidic or metallic residues may be adsorbed onto
particulate matter (Costa 1997, Dreher et al. 1996). Because the surface area of fine
particulates is very large relative to the particles’ mass, there is substantial opportunity for
different substances, (e.g., acids, organics, and metals) to adhere to the particles. Thus,
what is “seen” by the target tissue(s) may not be the core of the particle, but rather its
coating.

The potential role(s) of the non-core particulate components should also be
considered in the search for a causal agent. For example, are there arguments for the role
of sulfate, either as H,SO, or SO,, ozone, CO, NOx, or metals in the induction or
exacerbation of adverse health outcomes? Do any of these compounds induce similar
effects either in humans or laboratory animals at exposure levels similar to those
encountered by humans exposed to contemporary air pollution? The answers to these
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questions are an unequivocal “yes” and are discussed in Section 5, Empirical Evidence
Contributing to a Mechanistic Hypothesis.

Particle size is, nonetheless, a critical factor in determining the region of the
respiratory tract in which a particle will be deposited, and may be partly responsible for the
potential to induce toxic effects. Most coarse particles, i.e., those with an aerodynamic
diameter of 10 um or larger, are deposited and trapped in the nose or oral pharynx.
Because these particles generally do not enter the lung, they are not considered to be of
significant concern to human respiratory health. Although some particles smaller than
10 pum are captured in the trachea, and removed by coughing or swallowing, they can
penetrate lower into the bronchial and, finally, into the deepest alveolar regions of the
lung. Generally, particles smaller than 5 pm and larger than 0.003 pm can be deposited in
the alveolar region with some efficiency, and particles of 1 to 2 um are the optimal size for
reaching the alveoli. Ultrafine particles (PM,, and smaller) have fairly short half-lives near
their sources and convert into larger particles as the result of accumulation onto or with
other particles.

Other mechanisms exist for the removal of particles that penetrate beyond the
upper airways. Alveolar clearance from the deepest regions of the lungs can occur by
several mechanisms: transport on the mucociliary ladder of the upper airways; ingestion by
alveolar macrophages and exit via lymphatic drainage or the mucociliary ladder; or
dissolution and removal via the bloodstream or lymphatics, where systemic availability
may occur. Small particles may directly migrate into the lung wall (epithelium, interstitium
or pleura), where some are retained (occlusion), and others pass on into the circulatory
system.

‘Thus, although on the basis of penetration to oxygen-exchanging regions of the
lung, the argument can be made that small particles (i.e., PM, ;) may be toxicologically
more important than larger ones, there is no readily apparent hypothesis to explain how
relatively low levels of such particles can cause death or the exacerbation of disease. To
do so may require additional information about the types of individuals who may be
subject to such effects.

3. Identification of Sensitive Subpopulations Based on Putative Mechanisms
Because particle deposition and clearance can be affected by various factors
including breathing patterns and health status, the identification of potentially susceptible
(i.e., at risk) individuals may be important when considering issues of biological
plausibility. Based on the epidemiologic and experimental data, it appears that “normal”
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people, that is, individuals who do not exhibit compromised respiratory function, are not
at risk from current-day ambient air pollution, or even the severe episodes noted earlier.
This is consistent with what is known about particie deposition and clearance from
normally functidning respiratory systems. However, changes in the diameter of
conducting airways also alter particle deposition. For example, partial airway occlusion
such as that seen in patients with chronic bronchitis or obstructive airway diseases can
increase deposition of particles in small airways. Infection and physical injuries also can
greatly impair mucociliary clearance. Thus, individuals with compromised respiratory
function, (e.g., chronic obstructive pulmonary disease (COPD) such as emphysema and
chronic bronchitis, asthma) and possibly the elderly or infants may be more physiologically
susceptible to such exposure conditions by virtue of retaining higher doses of pollutants.
As noted earlier, however, even these individuals showed no gross abnormalities or lesions
in their respiratory tracts.

Because the number of functioning bronchioles and alveolar regions in the
potentially susceptible individuals is decreased, the argument has been proposed that those
regions of the lung with full or partial functionality may experience even higher exposures.
However, increases in ambient particle concentrations of approximately 20-40 ug/m® are
associated with increased risk in the epidemiologic studies; these amounts would result in
relatively small increases in peripheral lung particle deposition. From the perspective of
overall lung function, it seems unlikely that such particle concentrations could worsen
ventilation-perfusion ratios in either healthy or respiratory-impaired individuals to the
point of producing hypoxemia and the consequent pulmonary edema, increased
permeability, or malignant arrhythmia that are proximate causes of death in cardio-
respiratory failure (Utell and Samet 1997).

Controlled human exposure studies have generally shown no association between
exposures to PM and copollutants and measures of pulmonary function or exacerbation of
symptoms (reviewed in EPA 1996a) in healthy or asthmatic individuals. Experimental
studies of PM in humans have been limited to exposures to H,SO, aerosols; the ten
studies published since 1988 have shown that healthy individuals show no changes in lung
function following acute exposures at levels up to 2,000 pg/m’ for one hour. Studies of
asthmatics did not show a consistent pattern of response. Some asthmatics, particularly
adolescents, show an increased sensitivity to small decrements in lung function following
exposures to H,SO, in the range of the NAAQS; others do not. Responses in asthmatics,
however, tended to be related to the irritant potency of the inhaled particulate (i.e., the
acidity of the particle per se) as opposed to its chemical constitution (i.e., sulfate), and can
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be counteracted by neutralization of the acidity by inhalation of ammonia. Older
volunteers with COPD (mean age= 62) exposed to 90 pg/m’® H,SO, demonstrated
virtually no change in lung function, even after mild exercise during the exposure periods
(Morrow and Utell 1995). Thus, in their review of clini¢al and pathogenic considerations
of exposures to particles, Utell and Samet (1996) have concluded that “decrements in
lung function are relatively small after exposure to acid particles, are non-progressive,
and mitigated by ammonia neutralization. Individuals with COPD do not appear to
respond to particle inhalation with bronchoconstriction or respiratory symptoms”.

Given the difference between the exposures experienced in the volunteer and
epidemiology studies (i.e., very complex mixtures vs. defined exposures, healthy or
relatively healthy young subjects vs. elderly, possibly very ill, populations), it is difficult to
make direct comparisons or extrapolations between the clinical findings and potential
effects of environmental exposures. Nonetheless, the observation that no significant
adverse effects from exposure to acid aerosols at concentrations several times higher than
the NAAQS suggests either that different mechanisms are involved, or that the effects
noted in the epidemiologic studies are among susceptible subpopulations that were not
included in the controlled human trials. Attribution of causality to either particulate or
chemical constituents of PM is thus difficult to postulate.

4. Temporal Relationships in Pathophysiological Responses: Premature

Mortality as a Paradigm

No pathophysiologic mechanisms linking exposure to current low levels of air
pollution and increased mortality have been able to explain the increase in either mortality
or morbidity in a manner sufficient to accommodate the temporal relationships between
exposure and outcome. Although it is possible to construct a hypothesis in which
exposure to air pollution could contribute to the incidence of asthma, chronic bronchitis,
or other obstructive airway disease, years of exposure would need to be experienced for
the deterioration of the respiratory system to progress to frank disease, even in susceptible
individuals. This is inconsistent with the onset of daily mortality observed in the
epidemiologic studies. Further, smokers expose themselves daily to particulates several
times in excess of ambient air pollution; years are required before significant changes to
pulmonary function result, and as Utell and Frampton point out (1995) only a minority of
smokers appear to be to susceptible to either emphysema or cancer. Of course, there may
be a self-selection process occurring when individuals begin to smoke: those unable to
tolerate the inhalant most likely do not acquire the smoking habit. Nonetheless, there
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appears to be a host-susceptibility component to the increase in morbidity, and possibly
mortality. Given the potential inherent sensitivity of some individuals to such insults,
elucidating the nature of the precipitating event for these effects becomes more important
as an individual control strategy for these individuals, and perhaps a more effective public
health strategy than imposition of a PM, ; standard.

One prevailing hypothesis regarding mortality, based on observations of increased
mortality among aged (> 65 years) populations is that the acute effect(s) of PM manifest
themselves by exacerbating pre-existing disease in individuals with compromised health,
most likely due to respiratory or cardiovascular disease (Spix et al. 1993; HEI 1995,
Seaton et al. 1995; EPA 1996a). Spix et al. (1993) hypothesized that elevations in
mortality were due to a phenomenon referred to as “harvesting” in which individuals who
likely would have died in the immediate future in the absence of air pollutants, exhibited
advanced rates of death due to some component, or mixture of components, of the air
pollutants. In their study of SO, and TSP, a 10 percent (+ 2%) increase in deaths was
noted for an SO, increase from 23 to 928 pg/m’, and a 22 percent (CI = 14-27%) increase
in mortality for an increase in particulate levels from 15 to 331 pg/m’® in the preceding two
days. The authors cautioned that their interpretation of the data should be restricted to
short-term effects (i.e., imminent deaths occurring a few days earlier under unfavorable
conditions than they would have otherwise), and not extrapolated to longer time frames.

Although the “harvesting” hypothesis is plausible, it remains subject to caveat.
Premature mortality has been observed in epidemiologic studies of other exposures, most
notably, temperature deviations. Kunst et al. (1993) have shown in time series analyses
that there are relationships between temperature changes and increasing mortality when
deviations from an “optimal range” occur in either direction (i.e., hotter or colder). They
observed that in the Netherlands, excess mortality due to moderate temperature changes
was observed among the chronically and terminally ill, and hypothesized a “last-straw”
insult to overburdened physiological compensatory systems.

The “harvesting” effect requires that if deaths had been hastened by a few days, a
decrease in death rates should be observed in the few days following the change in
temperature. Such decreases were observed in the temperature-related mortality studies
(Kunst et al. 1993), but the evidence for subsequent decreases in death rates following air
pollution episodes have not been observed. It may be, however, that the recent
epidemiologic studies linking PM and mortality have insufficient statistical power to detect
such changes. Nonetheless, in the studies of mortality following the London fog event of
1952, in which PM exposures were an order of magnitude higher than current air poliution
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levels (i.e., approximately 1,500 pg/m*® (measured as British Smoke) vs 150 pg/m® current
24 hour standard for PM,,), death rates for the last half of December and early January of
1953 should have decreased, mortality rates remained elevated for several weeks (cited by
Utell and Frampton (1995) and Wilson (1996)). -

Thus, although there are aspects of the premature mortality hypothesis that are
consistent with the reported increases in mortality associated with current air pollution
levels, the lack of observed decrease in death rate following the “harvesting effect”, and
the inability to restrict effects to PM or some component of PM leave this hypothesis
unconfirmed as an explanation for acute mortality.

5. Empirical Evidence Contributing to Mechanistic Hypotheses

The question of the pathophysiology of response and nature of etiologic agent
remains perplexing. A plausible mechanism should be able to account for inflammatory
responses at the deep lung that, perhaps in combination with individual host-characteristics
(e.g., compromised respiratory or cardiac function) that “increase the likelihood of death
slightly but enough to be visible in a large population” (Utell and Samet 1996). Based on
the previous review of the issues involved in biological plausibility, including studies of
healthy and respiratory-compromised individuals, how then is it possible to implicate
PM, ; as the sole causal agent without a careful review of alternative hypotheses?

Oberdorster et al. hypothesize (1994, 1997) that the most likely etiologic
component of PM is the ultrafine mass distribution (PM, 5 or less), and that the most
appropriate dose metric for those particles is their surface area, (the specific surface area
for ultrafine titanium dioxide particles (mean diameter 20 nm) was determined to be
50 m%/g, vs. 6.4 m¥/g for the fine particles, mean diameter 250 nm). Further, they have
speculated that the increased retention and subsequent changes in cellular morphology
observed following exposure to ultrafine particles is a function of the interstitial
persistence of those particles, followed by releases of cytokines and other growth factors
by activated macrophages. This hypothesis, although attractive, must be considered in
light of the very high particle burden that was imposed on the animals as well as the
qualitative difference in the particles from those likely to be encountered by humans
exposed to ambient air.

A similar hypothesis, based on human observations, has been put forth by Seaton
et al. (1995). They develop the argument, based on theoretical grounds, that very small
but chemically reactive (acidic) airborne particles produce inflammation at the alveoli
which then induces acute changes in blood coagulability. Subsequent release of other
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cytokines and mediators might then produce acute respiratory or cardiovascular disease in
susceptible individuals. Seaton et al. hypothesize that the inflammatory changes induce a
series of cellularly derived cytokines that can in turn induce a potentially life-threatening
condition in pefsons with existing respiratory or cardiovéscular disease. No indication of
the nature or amount of particulate responsible for inducing these effects was provided.

Various animal models of human cardiovascular or pulmonary disease are
consistent with the observation that increased sensitivity to air pollution components
exists. Amdur (1996) has reviewed several recent reports of such observations; in
summary, these studies indicate that animals with pre-existing pulmonary inflammation or
airway resistance show increased susceptibility to acidic or metal-coated particles, and that
toxicity can be largely attributed to the coating of the particles. In addition, studies of
animal models with induced pulmonary hypertension (Costa et al. 1995) also showed
increased susceptibility to ambient aerosols that produce inflammatory responses,

i.e., those enriched in acids or some metals. Particles coated with transition metals
(e.g., iron) may catalyze activated oxygen species which have been known to induce the
migration of phagocytes and inflammation (Tepper et al. 1994).

These hypotheses and experiments provide clues for the eagerly sought-after
toxicological explanation that would contribute to evaluating biological plausibility and
coherence. Those invoking an inflammatory cascade may indeed provide a useful tool to
dissect the physiological responses of compromised individuals to different inhaled insults,
but as hypotheses, they do not prove the role of PM in humans exposed to current ambient
air pollution, and are inconsistent with the observations in the limited volunteer studies.

The studies evaluating metal toxicity are also important in that they have identified
a group of chemicals (e.g., transition metals) that can cause the inflammatory responses
hypothesized by Seaton et al. (1995). However, the animal studies have been performed
using methods of administration (i.e., intratracheal instillation) and dose levels that far
exceed those experienced by humans at current air pollution levels. Given Amdur’s
warning against high to low dose extrapolations, although these experiments provide
important clues that contribute to understanding toxicological mechanisms at work in the
deep lung, at the exposures that have been tested, they have limited utility for providing
direct evidence of increased morbidity or mortality in humans at ambient air pollution
levels.
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6. Alternative Hypotheses: Pollutant Potency

When citing these and other studies as qualitatively consistent with results
observed in human studies, and particularly when addressing issues of quantitative risk
assessment, the assumption is often made that “particulafes”, regardless of their source,
chemical composition, or physical properties, have approximately the same “potency” for
inducing either mortality or morbidity. In other words, when data are collected from
sampling stations, all of the condensed matter that is found on sampling filters is presumed
to have the same toxicity per unit mass.

Lippman and Thurston (1996) have presented an interesting alternative hypothesis,
that identification and characterization of the matter collected on sampling devices may
introduce artifacts of the collection and processing systems, and that these artifacts may
contribyte to the over-or under-estimation of toxicity, and perhaps, misattribution of
causality. They believe that a working hypothesis is one that incorporates aerosol acidity
in the etiology of PM-associated health effects in humans. Although not universally
accepted, this argument is based on the observation that controlled exposure studies
indicate that sulfate aerosols containing strong acids (e.g., H,S0,) produce “structural
and functional changes in healthy subjects consistent with those observed in
epidemiological studies, and do so at exposures within the upper bounds of current H*
ambient levels” and previous studies (Lippman 1989) indicating that H* “is the most likely
causal factor for the observed associations between PM and chronic mortality.”

In their report they note that sulfate ion concentrations have generally correlated
better with indices of both mortality and morbidity in populations than other indices of PM
(i.e., TSP, BS, COH, and PM,) (see table), and may thus serve as a useful surrogate of
exposure for other copollutants. They further hypothesize that because fine particles are
enriched in carbon, H,SO,, H', organics, and trace metals, it may be likely that some
adsorbed chemical moiety may be responsible, or co-responsible for PM-associated
mortality and morbidity. This hypothesis is consistent with the limited observations of
altered respiratory function in volunteer asthmatics, although again, not confirmed by the
small studies of COPD volunteers, or the lack of response at lower, inhaled concentrations
of particles in the laboratory animals studies.
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Table 2
Summry of Epidemiological Study Findings Implicating
PM and Acid C ts of Air Polluti
= (from Lippman and Thurston 1996)
Population Health Effects Pollutants Pollutants Reference
Reported Monitored Associated with
Adverse
Outcome
Toronto: 1 hospital respiratory | TSP, PM,,, O, H* Thurston et al.
summer 1986- admissions PM,;, O, H, H,SO, 1994
1988 H,S0,
New York State: | 1 hospital respiratory | O;, H*, H,SO, 0, H* Thurston et al.
Buffalo, Albany, | admissions in Buffalo H,SO, 1992
Bronx, and Bronx
Westchester
1988-90
Detroit 1 hospital respiratory | PM,,, O, PM,,, O, Schwartz 1994
Summers 1986- | admissions
90
Ontario 1 hospital respiratory | H,SO,, O, 0,, H,50, Burmnett et al.
Summers 1983- | admissions 1994
88
Montreal 1 hospital respiratory | PM,,, O, H,SO, | PM,,, H,SO, Delfino et al.
summers 1984- | admissions 1994

88

Associations defined as p<0.05; boldface indicates pollutants most highly associated with effects.

7. Concluding Comments on Biological Plausibility
Although Lippman and Thurston have not demonstrated causality, and indeed,

clearly acknowledge that the “the biologically active agent or agents in ambient PM that

account for its associations with human mortality and morbidity remain unknown”, they

have presented a cogent argument for careful and thoughtful analysis required, including

consideration of alternative hypotheses, prior to attributing causality to PM per se. They

caution that although there is coherence between measures of PM and various adverse

outcomes, there is some urgency in selecting “reliable and efficient metric of relevant

exposure and health risk” for the purposes of setting regulatory levels. We agree with

their conclusions regarding causality and priority setting.
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Although there are animal studies that can demonstrate outcomes consistent with
many of those observed in epidemiologic studies, the etiologic agents that have been
employed to induce such effects range from ultrafine particles to soluble metals to acids,
albeit at very high doses. Several hypotheses have been proposed to explain the
relationship between exposure to ambient air pollution and the increase in mortality and
measures of morbidity observed in human studies, but they do not, to date, establish a
clear biological mechanism for the role of PM in these adverse health outcomes.

We acknowledge that of the Hill criteria, biological plausibility may be the most
difficult to satisfy, and further agree that it is not necessary to invoke a specific
pathophysiological mechanism in order to establish causality. However, heeding
Wyndar’s caution that when the strength of association is weak, the role of biological
plausibility takes on increasing importance, and also considering the potential alternative
hypotheses that have been presented, we urge the USEPA not to assert a causal
association between PM (or any size fraction thereof) and adverse health outcome at this
time. If; for example, the acid component of the particulate fraction is responsible for
morbidity, and the metal for mortality, imposing a PM, ; NAAQS will not necessarily
result in the decrease in risk that is hoped for.

B. Coherence: Are the same effects, or types of effects, noted across different studies?

The coherence criterion flows naturally from the question of biological plausibility in that
it asks whether the hypothesized causal association is compatible with pre-existing theory and
knowledge derived from laboratory animal studies or controlled human studies, as well as
epidemiologic observations. In other words, are the effects noted in laboratory animals and those
observed in human volunteer and epidemiologic studies coherent with respect to physiological or
toxicological outcome? Although the distinction between acute and chronic outcomes is not
always clear, in general, acute health effects can be seen as increased illness, hospitalizations,
and/or premature deaths from respiratory or cardiovascular effects. Chronic health effects include
increased incidence and prevalence of respiratory illness including asthma, respiratory infections
and inflammation, decreased lung function, adverse effects on host defense mechanisms including
immune response, and mortality from cancer or non-cancer causes. Some of the endpoints that
have been evaluated appear to have no proven clinical relevance, and may better be thought of as
physiological markers of exposure (e.g., physiological changes in pulmonary mechanical function).

An argument has been made (Greenberg et al. 1997) that in order for air pollution or some
component thereof to meet the criterion of coherence as described by USEPA, a progression of
effects should occur with development of symptoms (incidence), progression (morbidity
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prevalence), and finally, mortality. First, particulate air pollution, in isolation or in combination
with other exposures, could cause a healthy individual to develop the onset of a new iliness
(increased incidence of morbidity in an exposed population). Second, particulate air pollution
could influence the progression of the disease whose incidence had been increased, or some
associated illness, causing already affected individuals to experience more severe or more
persistent symptoms (progression or increased prevalence). In this context, particulate air
pollution could affect the extent and duration of any disability and complicate the clinical
management of the condition. Finally, particulate air pollution could operate at the terminal
stages of illness, lowering the host’s resistance and leading to premature death.

As discussed in detail in the preceding section, although in broad overview the coherence
of effects is not inconsistent with exposure to some component of PM, there is no compelling
evidence implicating PM, s per se as the causal agent. In fact, it may be that some chemical
moiety associated with PM, 5, or PM in total, is responsible for the observed effects (if indeed, the
effects do not attenuate as the result of the appropriate correction for co-exposure or
characterization of individual exposure). As Greenberg et al. (1997) have indicated, the generally
accepted observational approach among epidemiologists to study the development of new disease
is to identify a cohort of non-diseased persons, with different levels of exposure, perhaps simply
stratified on high/low exposure, and follow them for the development of disease. None of the
published studies implicating PM (or any component of air pollution) have been analyzed in this
fashion. Although the Six City study (Dockery et al. 1993) had data on baseline disease status,
persons with existing illness were not excluded. Similarly, the generally accepted observational
approach to studying the progression of illness is to identify a cohort of newly diagnosed persons,
some of whom have higher exposure levels and some of whom have lower exposure levels, and
follow them for the severity and duration of iliness. Again, none of the published studies were
analyzed in this manner. Greenberg et al. (1997) suggest USEPA consider such an analysis prior
to asserting causality for PM; we concur with their recommendation.

Thus, at this time the conclusions that can be drawn regarding coherence are similar to
those for biological plausibility: although arguments for coherence can be made, neither the
existing data nor the available analyses have been developed sufficiently to establish coherence
across the range of possible health outcomes that have been associated with PM exposure.

C. Consistency: Is there close conformity between the findings in different populations,

locations, times, and when different methodologic approaches are employed for data
analysis?
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The difficulty in making conclusive statements regarding the strength of response lies in
the extremely low levels of relative risk that have been observed, and in the potential confounding
effects of copollutants, weather, and other potential causes of morbidity and mortality. We have
previously discussed irrdetail the implications of the weakness of association, and the role that
model choice plays in the attenuation of response. Until some resolution is made regarding the
appropriate choice of model, and the strength of association can be stabilized across studies, the
conclusion that the consistency criterion has been fulfilled should not be made.

Exposure differences contribute to the difficulty in resolving whether the consistency
criterion has been met. Clearly, air masses differ across geographic regions: fine particles in the
Northeast tend to have higher levels of sulfate than the western regions (47 per cent vs 15 per
cent, respectively (Spengler and Wilson 1996); organic carbon comprises twice the proportion of
particulate in the west than in the east. Yet, despite the heterogeneity of the particulate fraction
and copollutants, measures of relative risk are approximately equal in the east and west. Further,
as discussed previously, measures of individual exposure are very different from ambient
monitors; how then is it possible to have consistent responses among individuals and across
geographic regions?

Further, when different investigators evaluate the same (or nearly identical) data sets,
different results are observed. As discussed earlier, the reanalyses of the Birmingham and
Minneapolis-St. Paul studies indicate that a consistent response is not observed among three
different groups of investigators. If a weight-of-the evidence approach were applied to these
geographical areas, it would be difficult to conclude that there was an increase in hospital
admissions associated with PM. Thus, we conclude that the consistency criterion has not been
met.
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D. Temporality: Does the exposure precede the effect?

Finally, we note that all of the studies associated with this issue meet the criterion of
temporality: exposures precede outcomes. We note, however, that lag period optimization to
vield statistically significant responses for some morbidity measifes or mortality is not always
consistent with biological modes of action that would predict such outcomes. For example, short
lag periods (0-1 day) following exposures may not be inconsistent with lethality for individuals
whose health is extremely compromised or are already near death. For mortality, however, with
the exception of this group of individuals, it is difficult to believe that the 1-4 day lags cited in the
literature are long enough to allow the development and expression of lethal diseases.

Further, the adjustment of lag time until the “best” fit demonstrating a positive association
is obtained may be considered to introduce a positive selection bias. In other words, if statistical
significance is attained only after the a posteriori consideration of intervals between exposure and
outcome, the plausibility of the relationship between exposure and outcome is diminished, as is
the degree to which the temporality criterion is met.
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V. CONCLUSIONS AND RECOMMENDATIONS

The evidence for some factor associated with air pollutién causing increases in mortality
and morbidity is compelling by virtue of the repeated observations of small, but relatively
consistent increases across a number of studies. However, at this time, there is-insufficient
evidence to make the causal association between exposure to PM, or PM, ; at current ambient air
levels and adverse health outcome. This judgment is in substantial agreement with others that
have appeared in print (Wolff 1996), Wilson and Spengler (1996), Gamble and Lewis (1996),
Lipfert and Wyzga (1995a,b), HEI (1996), Moolgavkar and colleagues (1995-1997) and many
others and is based on the following observations:

. The st;gﬁgth of the association between measures of air pollution, or any component of
air pollution and adverse health outcome is very weak. Although several different types of
mortality and morbidity studies have been performed (e.g., time-series, cross-sectional,
prospective cohort mortality), where an increased risk is observed following exposure to
some measure of particulate matter (e.g., TSP, PM,, or PM, ,,) it is very small (relative
risk ranges from approximately 1.06 to < 1.5).

. When very weak associations are observed, regardless of their apparent consistency or
coherence, additional emphasis must be placed on determining the potential role of
confounders, exposure misclassification, measurement uncertainty, model specificity, and
mechanisms to explain biological plausibility.

. Measurement uncertainty contributes to lack of confidence in the weak associations noted
between measures of pollutants derived from central sampling stations and adverse health
outcomes. The principle of ecological fallacy, which states that population measures do
not accurately represent individual experiences, contributes to the lack of confidence in
such measures.

. Although measures of exposure have been reasonably well-characterized for stationary
ambient monitors, the body of evidence indicates that the correlations between outdoor
measures and indoor measures of air pollution are highly variable, and depend on season,
the construction of the home, and lifestyle of the occupants. Further, and perhaps more
importantly, there is little to no correlation between ambient air measures and individuals’
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exposures, particularly in the case of potential sensitive sub-populations (e.g., those
suffering from COPD). It is not possible to extrapolate from regional monitors to
individual experience, and therefore, to estimate individual risk.

. The ecological fallacy principle also applies to other risk factors. Thus, it is inappropriate
not to take into account differences among population lifestyles, dietary habits, and health
status when extrapolating from group characteristics to individuals.

. Because PM, , is a heterogenous mixture of different chemical species arising from
volatilized materials, PM precursors are not only sources, but also copoliutants in
contemporary air pollution. Statistical analyses attempting to attribute causality to any
component of air pollution must consider the copollutants as covariates in the analyses.

. When such analyses are performed, the initial reports of statistical associations between
PM and health outcome often attenuate, sometimes to the point of no significance. Other
pollutants, e.g., ozone, SO,, H', however, maintain robustness of association.

. Although exposures to high levels of pollutants have clearly caused death and respiratory
distress in the past, there is no compelling biological or toxic mechanism that can explain
the adverse health outcomes noted for current PM levels. Much research has been
conducted to identify such mechanisms, but to date, no scientifically-defensible argument
can be proposed to account for the effects observed in people exposed to current levels of
air pollution.

. USEPA has not demonstrated that a reduction in PM, 5 or PM,, will result in concomitant
results of co-pollutants, although the Agency implies that setting such standards will result
in overall improvements in air quality.

. Application of the Hill Criteria to these observations does not result in the attribution of
causality to PM, and especially not to PM, . In fact, alternative hypotheses involving

other pollutants are equally, if not more, compelling.

With respect to the conclusion put forward by USEPA that the results observed are
consistent with a causal association between PM2.5 and adverse health outcomes, we do not
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believe that sufficient effort has been expended in the critical evaluation of alternative hypotheses
to describe these effects.

The eminent philosopher of science, Karl Popper, believed that science is advanced only
by testing hypotheses and discarding those that fail. In other wotds, before accepting an
hypothesis as true, the experimenter must “bend over backwards” to exclude other explanations,
or, to paraphrase Sherlock Holmes (in “The Sign of Four” by A. Conan Doyle), “when you have
eliminated the impossible whatever remains, however improbable, must be the truth”. Buck, in a
discussion of the application of Popper’s philosophy for epidemiologists (1975) adds that “This
summarizes Popper's philosophy, except that ‘must’ in the last phrase should be altered to ‘may’”.
Given the inability to maintain a consistent and robust association in the reanalyses of the major
studies of morbidity and mortality, it is difficult to accept that the responsible pollutant for these
effects is particulate matter, much less PM, ;.

The overwhelming concern with respect to postulating a causal relationship between PM
and adverse health outcomes is the implication for a new NAAQS. Clearly, if adverse effects are
occurring, even at low levels of relative risk, the potential savings in terms of decreased morbidity
and mortality may be significant because of the number of people exposed. Different numbers of
“lives saved” and “diseases avoided” have been calculated by various groups including USEPA,
with the sincere intent to avert health effects. However, given the number of municipalities that
would be out of compliance by the imposition of these NAAQS, and the difficulty in meeting
them, it is critical that the appropriate etiologic agent be identified, to insure that implementation
of control technologies do indeed reduce mortality or morbidity (see also ENVIRON’s comments
on the Quantitative Risk Assessment, also submitted to the docket (ENVIRON 1997)).

Given the discussion presented in this set of comments, including the presentation of
alternative hypotheses and models, we urge the Agency to consider carefully the implications of
the imposition of the strict new NAAQS for PM, ;. It is not apparent to us that decreasing levels
of this pollutant component would positively affect rates of morbidity and mortality.

We urge USEPA to heed CASAC’s recommendation: the Agency should immediately
implement a targeted research program to address the uncertainties regarding key issues in
attributing causality and the subsequent estimation of risk from PM, including long-term, reliable
measurements of PM, ;.

We further urge that the Agency solicit additional assistance and input from all
stakeholders in the process to maximize data gathering (exposure and toxicity) and analysis so
that unresolved questions regarding the identity and nature of the causative agent be more
completely understood prior to recommending a new NAAQS for PM. By the next cycle of
criteria pollutant review, sufficient data should be available to determine whether additional
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control strategies for particulates, sulfates, NO,, or metals, or as yet unidentified pollutants, will
benefit the public health. If individual etiologic agents (or groups of agents) are identified,
strategies that efficiently decrease emissions of those agents should be implemented to minimize
the risk to the public hgalth. Given the continually decreasing levels of air pollution in the US
(USEPA 1997), this short delay should provide no increase in risk to the public, and may, by
virtue of its improved precision, provide a more certain opportunity to improve it.
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